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ASPECTS OF THE INGESTIVE AND CYTOPEPTIC 
ACTION OF PHAGOCYTES 
I. Introduction 
The normal mammalian host is equipped with a complex 
system of humoral and cellular defenses for combatting 
invading microorganisms or their toxic products. Chemo-
taxis, cytopeptic action of phagocytes (intracellular 
digest.1.gn), inflammation, antibody, bactericidal action of 
body fluicjs, and anatomical and physiological barriers 
are among the most significant host defense mechanisms 
currently :recognized. Knowledge concerning the extent to 
which eaop of these so-called host defenses participr8.tes 
in re~i~tance to infections is incomplete. The existence 
of interrelationships among these processes, as well as 
the number of infectious agents to which the host is natur-
ally resistant or susceptible, makes difficult evaluation 
of the ~pecific role of each of these defense systems in I 
il'lfe.ction and immunity. Moreover, the mechanisms by which 
these host defenses destroy microorganisms remain obscure. 
The ability of certain cells of higher animals to 
ingest and digest foreign particles has been observed by 
many investigators since the early days of cellular path-, 
ology, (Langhans, 1$70; Panum, 1874; Roser, l$Sl) but it was 
not until 1882 that Metchnikoff (Metchnikoff, 1905) first 
2 
suggested the importance of these cells in inflammatory pro-
cesses and resistance of the mammalian host. He classified 
the fixed phagocytes which were found in the liver, spleen 
and lymph nodes and the large free mononuclear phagocytes of 
the circulating blood as ttmacrophages tl ; he called the neu;tro-
philic leucocytes of the blood "microphages". Aschorf (1924) 
grouped the fixed phagocytes, including the fixed macrophages 
of Metchnikoff, into the reticulo-endothelial system (RES). 
Since the classical observations of phagocytosis by Metchni-
korf, extensive studies pertaining to the precise mechanisms 
of this process have been made (Fenn, 1922; Jaffe, 1931; Mudd 
~ !l., 1934; Berry and Spies, 1949; Wright and Dodd, 1955). 
The process of phagocyto~is can be conveniently divided into 
three stages: (1) the movement of phagocytes toward the site 
of invasion by infectious agent (chemotaxis); (2) the process 
of engulfing (phagocytosis) and, (3) the actual destruction 
of the ingested foreign material (intracellular digestion or 
cytopeptic action). The phagocytic cells by virtue of being 
endowed with ingestive and digestive potentialities, are 
thererore of utmost importance in combatting infections as 
well as in eliminating foreign matter from the body_ Further-
more, these cells are also involved in the production of 
antibodies (Burnet and Fenner, 1949). 
In the present investigation, studies have been made of 
phagocytic and cytopeptic action by phagocytes. X-irradiation 
has been employed for its known capacity to reduce resistance 
~" 
to infection. Immunization has been employed to enhance the 
specific resistance mechanism (s). Also, combinations of 
these procedures have been employed with the hope of gaining 
insight into the role of cellular immunity in resistance to 
infection. 
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REVIEW OF THE LITERATURE 
II. Phagocytosis 
According to current concepts the phagocytic system 
represents a functional unit composed of widely dispersed 
and morphologically distinct cell types. It consists of 
(1) polymorphonuclear and mononuclear leucocytes of the 
circulation, and (2) the so-called reticulo-endothelial 
system (RES) in which are included the monocytes of the 
circulating blood, sessile cells of the endothelium lining 
the sinu~oids of liver, spleen, bone marrow, lymph nodes, 
adrenal cortex and anterior lobe of the pituitary, sessile 
or resting-wandering cells ("histio'cytes") of the c~x:nective 
tissues in various organs, microglial cells and alvemlar 
septal cells of the lung (Downey, 1938; Suter, 1956). A 
diagramatic representation of the phagocytic system is given 
in Table 1. The evidence' indicating the importance of phago-
cytes in resistance to infectiQus disease was summarized by 
Bordet (1939) as follows: 
1. A parallelism exists between the efficiency of phago-' 
cytosis and resistance to infection. 
2. The bactericidal power attributable to the humoral 
factors of the blood is not enough to destroy pathogenic micro-
organisms. It is the intracellular digestion following uptake 
by phagocytes that aatAses destruct-tOIl o~ the paras i tee. 
5 
3. The virulence of microorganisms is often associated 
with antiphagocytic properties. 
4. The sequence o! the disease process is less serious 
when inoculation of organisms is made at a site abundant in 
phagocytes. 
5. All the factors that interfere with phagocytosis 
diminish the resistance of animals to infection. 
6. The major significance of phagocytosis is shown by 
the fact that a favorable course in a disease process is 
usually accompanied by an in.crease in the number of leucocytes. 
In the immunized animal, following infection leucocytosis is 
pronounced and is maintained for a longer period. 
A. ~ role ~ .'!ill.!! reticulo-endothelial system in .'!ill.!! 
removal.Qf colloidal particles, bacteria. .2!:. viruses from the 
circulation. Studies of the removal of foreign particles 
from the blood stream of animals date to the pre-bacterio-
logical era where Hoffmann and von Reeklinghauser (1867) and 
Pon!ick (1869) noted that particles o! carmine and vermillion 
injected into animals were not eliminated in the urine or bile 
but were deposited in various organs such as the spleen, liver 
and the lymph nodes. These particles remained recognizable 
at these sites for weeks. Wyssokowitch (1886) injected intra-
venously large numbers of many species of bacteria into 
rabbits and dogs and showed that both the pathogenic and non-
pathogenic organisms disappeared from the blood stream in 


































































































































































































































































after some hours and progressively increased in numbers until 
the animals succumbed. Many of the bacteria injected were 
found to be concentrated in the spleen and liver. Subsequent 
studies (Bull, 1915; Manwaring and Coe, 1916; Hopkins and 
Parker, 1918; Sullivan at al., 1934; Reichel, 1939, Bennett 
and Beeson, 1954.) on this phase of the mechanisms of removal 
of microorganisms from the blood stream have confirmed the 
earlier findings. It appears from the later studies cited 
above that the clearance rate of bacteria from the blood 
stream as well as from other tissues is dependent upon the 
virulence of the invading organisms for the host under 
consideration as well as the hosts' natural resistance or 
induced immunity. The relationship of immunization to phago-
cytic activity will be discussed in section V. 
Investigations co~cerning the blood clearing mechanism 
employing different inorganic colloids have been reportedo 
Harrington and Huggins (1939) studied the rate of .disappear-
ance from the blood stream of intravenously injected thorium 
dioxide in normal dogs. They fouRd that the colloid was 
removed rapidly during the first twenty minutes after injec-
tion and then at a slower rate until it could no longer be 
detected. This removal took place in teB to ~welve hourse 
Dobson ~ a1., (1949) noted that the rate of removal and 
organ of deposition depended on the size of colloids injected. 
They reported that colloids of larger magnitude such as 
zirconium showed rapid disappearamce from the cireulation and 
were deposited mainly in the phagocytes of the liver and 
spleen. Colloids of smaller size such as yttrium disappeared 
comparatively more slowly than the larger colloids and were 
primarily deposited ia the bone marrow and spleen, and secon-
darily in the liver. Jallut and his associates (1955), 
confirming these findings reported that a suspension of large 
particles of CrP04 (average diameter 1.3u), when injected 
intravenously into mice, was deposited mostly in the liver, 
and to a lesser extent in the lungs aDd in the spleen. How-
ever, in the case of a suspension of finer particles (average 
diameter O.008u) deposition occurred mostly in the liver, less 
in the lungs aad only insignificantly in the spleen. These 
workers also noted that the rate of disappearanee from the 
blood did not depend on the diameter but on the number of 
injected particles. Localization i. the organs however, 
depends Oft the diameter of the injected partieles. Studies 
conducted by different investigators employing a variety of 
colloids including colloidal gold (Sheppard et alo, 1951), 
colloidal zireomium and yttrium (Dobson !i 1.1., 1949), 
colloidal iron saccharate (Nissim, 1953) aDd carbon particles 
(Halpern et !l., 1951) have indicated that the rate of dis-
appearanee from the blood etrea'm 01' intravenously injected 
colloid can be expressed as am exponential function. 
The reticulo-endothelial system has also beeR demoR-
strated to be capable of removing aot only bacteria and 
colloidal particles but also d:other microorganisms such as 
9 
viruses, fumgi and protozoa (Taliaferro, 1949; Nungester, 1954). 
Nungester and Watrous (1939) found that following intravenous 
injection of bacteriophage these organisms could be found 
deppeited in the liver and spleen. Comparative studies employ-
ing staphylococci showed that these organs accumulated the 
organisms to the same degree that they did phage. Phagocytosis 
of herpes simplex virus by rabbit macrophages in vitro have 
been described by Garabedian and Syverton (1954). They 
s~ggested that phagocytosis may play a role in the dissemin-
ation or destruction of the virus in this infection. Bubel 
and Wilcox (1957) carried out !! vitro studies of the phago-
cytosis of poliomyelitis virus by peritoneal leucocytes 
obtained from monkey~. The techniflue used cORsisted of first 
mixing virus and the cells and then determining the rate of 
disappearance of virus from the medium. These workers found 
that virus concentration in the medium was reduced to half i. 
30 minutes. Moreover, titration of virus concentration in the 
phagocytes at differeat i.tervals suggested that inactivation 
of virus had taken place. Whether the removal of phage from 
the blood stream by the spleen and liver phagocytes or of 
virus particles, by exudate leucocytes as observed by tnese 
latter investigators involve mechanisms similar to those 
that have been observed for other microscopic particles cannot 
be stated with assurance at the present time. Further work, 
to differentiate this mechanism of phagocytosis from commonly 
recognized virus-host cell interaetion, is necessary before 
10 
. the role and significance of phagocytosis in viral infection 
CaD be estab1iehed. 
-B. 1h!-l!!! Qf 1h! polYmorphonuclear leucocyte in ~ 
disposal of microorgamisms from ~ circulation. Although 
most of the bacteria or inert particles which are removed 
from the circulation following intravemous injection are 
foun.d in the liver or spleen, an appreciable Jlumber of organ-
isms are found in the lungs. Whem pathogenic or Bonpatho-
genic bacteria are implanted in the air sacs in considerable 
numbers there occurs a migration of fluid aad cells from the 
blood stream into the alveolar spaces. The initial cellular 
response to all the common types of bacterial pulmonary 
imvasion (pneumococci, streptococci, staphylococci and 
~. fried1,nderi) is predominantly neutrophilic in character 
(Robertson, 1941). Histo1Qgically many of these organisms 
are found to be ingested by polymorphonuclear 1eucocytes within 
the alveolar capillaries. The role of the neutrophilic 18uco-
cytes in the reaction to pu1moBary pneumococus infection appears 
to be thoroughly established. This has been described by 
Robertsonet !l., (1933) in experimental canine pneumoJlia aad 
by Gunn and Nungester (1936) in experimemtal pneumonia in 
rats. These investigators noted that polymorphoRuc1ear 1euco-
cytes accumulated early at the site of the implanted micro-
organisms and began to phagocytise pneumococci within a few 
hours. As the intensity of the cellular mobi1izatioD increased, 
more of the bacteria were engulfed and in the central parts of 
11 
the lesion th~y seemed to be in the process or digest~on 
within the leucocytes. Wood ~ !l., (1951) made observations 
of the intravascular reaction to injection of pneumococci and 
of Friedlanderts bacilli in the rabbit ear chamber. These 
workers found that immediately after injection, the poly-
morphonuclear leueocytes were seem to stick to the endothelium 
of capillaries and to become actively motile, migrating freely 
about the endothelial surfaces. Within fifteen minutes after 
injection, ingestion of bacteria by these cells began to occur 
by the mechanism whiqh Wood has called "surface phagocytosis", 
a process which takes place in the absence of specific anti-
body. Kerby and Martin (195l) demonstrated that the dis-. 
appearance rate of Staphylococcus auraus from the blood stream 
of rabbits following destruction of the polymorphonuclear 
leucocytes by benzol or mechlorethamine hydrochloride remained 
constant. In the light of these observations Wood at al., 
(1951) suggested that "the circulating leucocytes and reticulo-
endothelial cells appear to supplement one another in des-
troying the bacteria that have gained access to the cireulatio. 
and that impaired fuaction of one system is compensated by 
the other mechanism". 
III. Illtracellular Di!;estioD by Pb.agocytes 
The fiaal sta~e ift the process of phagocytosis is the 
destructioR aad elimiRatiom of iRgested organisms or other 
particulate matter. From the poiRt of view of efficieat 
12 
host resistance, this step is the most crucial of all, for 
if the phagocytes fail to destroy the pathogens, the latter 
may multiply withi. the phagocytes with the result that a 
disseminating infectio. eBsues. Phagocytes may Bot destroy 
pathogens either because their digestive potentialities are 
impaired (Doa.1deo. at al., 1954) (as ia the radiation sy.-
drome) or the mieroorgaaisms resist destructioa by virtue 
of bei.g equipped with certai. chemical substances which are 
relatively insusceptible to digestioa (Dubos, 1945) (tubercle 
bacilli, encapsulated pneumococci). To date very little 
effort has beeD devoted to the study of this phase of phago-
cyte fURction. Approaches to this problem have generally 
been carried out by study of the e.zyme co.tent of phagocytes, 
chaages ia enzyme conteat i. health aad disease, bactericidal 
action of leucocytic extracts, chaages im intracellular 
digestion following treatment with certai. ageats and other 
biochemical changes takiag place in the milieu interieur of 
the phagocyte. 
A considerable literature exists coacer.iag the bacteri-
cidal actio.~leucocytic extracts. DeBYs aad KaisiR (1893) 
fouad that the pleural exudate of rabbits obtai.ed by iajectioa 
of dead sta~!lococci and freed of cells by centrifugation 
was bactericidal for liviag organisms of the same specieso 
Subsequent studies by other investigators cOBfirmed these 
A 
observations (Sehattenfroli, 1997~ Petterssoa, 1905). Hiss 
and Zinsser (1908) obtai.ed protective results when extracts 
13 
from normal rabbit leucocytes were administered to experi-
mental animals infected with a variety of pathogens, such 
as pneumococci, streptococci, meningococci, and typhoid 
bacilli. Similar observations were made in hurnam beings 
suffering from meningitis, pneumonia a:Jld staphylococcal 
infections following the infusion of normal rabbit leuco~·· j' 
cytic extracts. In additioB, these iBvestigators demon-
strated that leucocytic extracts did not favor phagocytosis 
and that their moderate bactericidal activity could not 
entirely account for their salutary effect on disease. 
Hiss and Zinsser attributed this observation to "the obscure 
factors which account for not infrequent successes of 
so-called non-specific protein therapy, which consists of 
the injection of almost any bacterial or other protein". 
The presence of enzymes in macrophages has been recog-
nized since Metchnikofrts first observation of intracellular 
digestion by phagocytes (Metchnikoff, 1905). In fact he 
named those leucocytic enzymes "cytases" or "digestive 
ferments". He found these were optimally active in a weakly 
acid medium. Later work by other investigators revealed 
the presence of a variety of enzymes in phagocytes. Opie 
(1922) reported finding proteolytic enzymes in leucocytes 
and monocytes which he called leucoprotease and lympho-
protease. Weiss and Czarnetzky (1935) found proteinases 
similar to pepsin and trypsin in monocytes and neutrophils 
obtained from rabbits. However, little evidence existed to 
14 
demonstrate that these enzymes were capable of killing 
bacteria. Jochmann (19l2) obtained extracts of leucocytes 
which were actively p'r,oteolytic but found that these extracts 
possessed no bactericidal properties. He suggested that they 
may take part in the killing of bacteria provided other 
factors are present. No detectable bactericidal substance 
against R. subtilis was found in extracts of neutrophils or 
monocytes obtained from rabbits (Myrvik and Weiser, 1955). 
Salton (1953) reported that the untreated cells of certain 
Gram negative and Gram positive bacteria were resistant to 
lysis in vitro by trypsin. 
By contrast with the lack of any convincing evidence 
in favor of destruction of bacteria by enzymes present in 
phagocytes, the bactericidal and lytic effect of lysozyme 
on a number of bacteria has been well documented (Dubos, 1954). 
Lysozyme has been found to be present in granulocytes 
(Fleming, 1922). However, this cannot be the only factor 
involved in bacterial destruction since this enzyme is 
effective only against some organisms. In this connection 
it is of interest to note the observations made by Grogg 
and Pearse (1954) who studied a variety of enzymes present 
in the reticula-endothelial organs of mice, rats and guinea 
pigs in an attempt to correlate enzymic activity with 
resistance to tuberculosis. They found that large amounts 
of acid phosphatase were present in mononuclear phagocytes 
of resistant animals Jmouse, rat). These investigators 
• 
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therefore suggested that in such animals the phosphatides 
of tubercle bacilli might be employed as a substrate for the 
acid phosphatase and that the enzymic armament of these cells 
probably is a contributing factor in the mechanism of natural 
resistance to tuberculosis. 
From the observations that death of certain bacteria 
within the phagocytes was of immediate nature and that 
certain enzymes are capable of decomposing only a portion 
of bacteria not essential for viability, Dubos (1954) 
offered a hypothesis relating the possible role of changes 
in the acidity of phagocytes immediately following phago-
cytosis with intracellular destruction of bacteria. It has 
been found that phagocytosis of bacteria is followed by a 
rise in acidity inside the phagocytes. This was deduced by 
Metchnikoff, as well as by other investigators, from obser-
vations of changes in color of litmus particles or dyes 
within phagocytic cells (Metchnikoff, 1905; Rous, 1925). 
From in vitro studies of a number of organic acids such as 
lactic, pyruvic, and glutamic, Dubos (1953) found that lactic 
acid is the most bactericidal. Since this acid has been 
reported to be a product of metabolism of phagocytic cells 
I 
he suggested that this acid may playa role in the cause of 
death of ingested bacteria. In 'this connection it is of 
interest to note that enzymes that have been found to be 
present in the phagocytes have an optimum pH of 3 to 4 
(Opie, 1922; Weiss and Czarnetzky, 1935)0 
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Recently Hirsh (1956a) reported a substance in extracts 
of leucocytes as well as in extracts of organs of the RES 
which has bactericidal effects on various species of bacteria. 
He named this substance phagocytia. Phagocytin was found 
to be active against Gram negative bacteria and was obtain-
able with relative ease from rabbit leucocytes but could not 
be obtained from mouse or rat leucocytes. This seems to 
indicate that phagocytin may play a role in the destruction 
of bacteria by rabbit phagocytes but other sUbstances have 
to be sought for in the case of cells from rats or mice. 
Moreover, it is of interest to note that studies (Hirsh, 
1956b) involving quantitative relationships between the 
number of bacteria, the concentrations of phagocytin required 
to kill them, and the time-temperature characteristics of the 
lethal action of phagocytin suggest an enzymatic nature for 
the bactericidal reaction. 
Exceptions concerning their activity have been noted 
then, in the ciase of all enzyme or enzyme-like substances, 
relative to their overall bactericidal activit yo It is 
apparent ,that at present no one mechanism can be considered 
to be responsible for initiating or completing the process 
of killing of bacteria. Nevertheless, the occurrence of 
antibacterial enzymes in phagocytes, the bactericidal action 
of leucocytic extracts including phagocytin and changes in 
leucocytic acidity following phagocytosis suggest the plausi-
bility of the hypothesis that all these processes act in 
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conjunction with one another in the intracellular disposal 
of microorganisms. 
IV. Effect of X-Irradiation on ~hagocyte Function 
The observations that bacteremia develops following 
x-irradiation (Warren and Whipple, 1923; LeRoy, 1947; 
Bower, 1951; Miller ~ al., 1951) and that x-irradiated 
animals exhibit increased susceptibility to various types 
of naturally occuring or experimentally induced infections 
(Chrom, 1935: Miller and Hammond, 1950; Osborne ~ al., 
1951) has been well documented. This postirradiation 
enhanced susceptibility to infection has been recognized 
as one of the major causes of death among animals exposed 
to ionizing radiation in the near lethal to midlethal range 
(Talmage, 1955; Raffel, 1956). The cause of the observed 
increase in susceptibility is attributed to the deleterious 
effect of x-irradiation on specific host defense mechanisms 
(Taliaferro and Taliaferro, 1951). It is not the result 
of any potentiating effect of x-irradiation on the patho-
genicity of the microorganisms (Taliaferro and Taliaferro, 
1951). Conclusive evidence is available concerning the 
postirradiation depression of host defenses such as the 
antibody forming mechanism (Hektoen, 1915; Kohn, 1951; 
Taliaferro and Taliaferro, 1951), and the normal bactericidal 
action of serum (Marcus and Donaldson, 1953; Fishman and 
Shechmeister, 1955)0 Information concerning the effect of 
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x-irradiation on phagocytosis however is contradictory. 
Furthermore, little work has been carried out relating to 
effects of x-irradiation on digestive function of phagocytes. 
A. Effect of x-irradiation Qn the reticula-endothelial 
system. From studies of the morphologic changes of reticulo-
endothelial cells following x-irradiation, Bloom (1948) 
reported that they are highly resistant to x-irradiation. 
Similar conclusions were drawn by Breqher ~ al. (1948) 
who found no evidence of diminution o~ proliferation of the 
reticulo-endothelial cells following x-irradiation. 
Studies on the effect of x-irradiation on the phago-
cytic function of the r~ticulo-endothelial system have been 
performed by determining the deposition of intravenously 
injected colloidal particles in the reticulo-endothelial 
organs, or the rate of disappearance of such particles from 
the blood stream. As early as 1935, Chrom (Chrom, 1935) 
observed that following the intravenous injection of living 
salmonella into mice, the heart blood of x-irradiated animals 
did not become sterile in 24 to 72 hours whereas the blood 
of the normal animals similarly injected was sterile within 
12 to 15 hours. The blood stream of mice whose livers and 
spleens were protected by lead shielding during x-irradiation 
became sterile within 19 hours after challenge. This inves-
tigator concluded that the reticulo-endothelial cells were 
injured by x-irradiation. Observations of similar nature 
have been made by Gordon !l a1., (1955) who studied the rate 
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of removal of intravenously injected Klebsiella pneumoRiae 
in x-irradiated rabbits (800 r) during a 2 to 10 day post-
irradiation period. They noted that durin,' the first hour 
or two after injection the number of bacteria in the blood 
of the x-irradiated rabbits decreased as rapidly as in the 
controls. After 8 hours however, the bacteria in the blood 
of the x-irradiated rabbits increased until the animals 
died. Such an increase in the number of organisms was not 
I 
seen in the blood of the control animals. From these obser-
vations, Gordon !1 al., (1955) suggested that x-irradiated 
rabbits are able to remove large numbers of bacteria from 
the circulating blood as rapidly as normal rabbits but are 
unable to prevent their reentry into the blood stream. 
A series of investigations in which radioactive 
materials were employed to study phagocytic activity of the 
reticulo-endothelial system have been reported. Fitch 
~ ~., (1953) studied the distributiom of radioactivity in 
various organs of rats and the rates of disappearance from 
the blood stream of intravenously injected I-13l labeled 
dead typhoid organisms. They were unable to demonstrate 
any significant differences in either disappearance rates 
or organ distribution between normal and x-irradiated rats 
(500 r). These results confirmed the prior report of Barrow 
!l a~., (1951) who determined the 50% disappearance rate of 
intravenously injected radioactive colloidal g~ld from the 
blood stream of both Dormal and x-irradiated rabbits (aOO r). 
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The average time required for 50% of the radioactive gold to 
disappear from the blood stream of normal animals was 1.41 
minutes. These workers were unable to demonstrate any 
significant variation from this time in x-irradiated animals. 
Similar conclusions have been reached by other investigators. 
Esplin, Marcus and Donaldson (1953) reported no significant 
difference in the 72 hour uptake of colloidal Th02 by the 
mouse spleen following total body exposure of 100 r to 600 r. 
Ingraham (1955) reported that x-irradiation of rabbits in 
doses of 500 - 600 r failed to alter the rate or extent of 
removal of 8-35 labeled sheep erythrocyte stromata from 
the circulation when tested 1 and 3 days postirradiation. 
In addition, the retention of radioactivity in the liver, 
spleen, kidney, and bone marrow was unaffected. 
In contrast to the above investigators, Taplin et !l., 
(1954) who studied the effect of roentgen irradiation ,on 
the reticule-endothelial system in rabbits using the bloed 
retention of intravenously injected prodigiosin as an index 
of phagocyte function, reported that no significant changes 
occurred following exposure to 300 r (LDo) of x-irradiation. 
However, exposure to doses of 800 r to 1200 r (LD50-LDIOO) 
of whole body x-irradiation was followed by increased blood 
retention of the dye which appeared to be a function of the 
postirradiation time. In agreement with these findings, 
Di Luzio (1955) found depression in the uptake by rat liver 
of intravenously injected colloidal gold fo119wing x-irra-
21 
diation in a dose of 1040 r (LDlOO ) when tested 4 days after 
x-irradiation. 
Gabrieli and Auskaps (1953) studi~d the influence of 
whole body irradiation on the reticulo-endothelial system 
as determined by the disappearance rate of intravenously 
injected colloidal CrP3204 in rats. They reported that 
from 1 to 28 days following doses of from 50 to 100 r that 
there is no deviation in the biological half-life (the time 
required for one-half of the radioactivity to disappear from 
the blood stream). Whem reticulo-endothelial blockade was 
induced with 0.1 ml of Thorotrast these workers obtained 
longer biological half-life values for the x-irradiated 
animals. From this observation these workers concluded 
that phagocytic capacity was diminished following x-irra-
diation. In this connection it is of interest to note 
observations made by Gabrieli and Cutler (1954) concerning 
internal beta-irradiation effects on the reticulo-endothelial 
system following intravenous injection of CrP-3204• After 
injecting graded amounts of the radio-active material into 
rats they determined the amounts deposited in the liver. 
It was found that with high doses of P-32 (17 - 19 uc) that 
the liver ceased to accumulate radioactivity. These workers 
interpreted this as an indication of the destruction of the 
reticula-endothelial cells by internal beta-irradiation. 
In contrast to the findings of previous investigators, 
Wish ~ !l., (1952) reported that one day after x-irradiation, 
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labeled homologous and heterologous plasma, homologous and 
heterologous erythrocytes, Evans blue and radioactive gold 
disappeared faster from the circuiation of roentgen irra-
diated animals than from that of normal animals. These 
workers suggested that this difference was due to heightened 
capillary permeability caused by x-irradiation. Experiments 
involving the use of colloidal gold (Au-198) to study the 
rate of removal at 1, 3, 5 and g postirradiation days indi-
cated that the ratio of isotope in the blood (normal/x-irra-
diated animals) ranged from 1.1 to 2.0 when measured 5 
minutes after the injection of radioactive gold. When 
measured at 20 minutes after the injection the ratios were 
between 3.2 a.d 8.7. 
It is apparent from the material reviewed in this sec-
tion that different investigators obtained varying results 
regarding the effects of x-irradiation on the phagocytic 
activity of the reticulo-endothelial system. It is possible 
that these differences resulted from the variation in the 
colloidal particles employed for studyimg phagocytosis, doses 
of x-irradiation employed, days after x-irradiation that the 
tests were carried out and the species of animals employed. 
B. Effect of x-irradiation~ ~ circulating leuco-
cytes. Knott and Watt (1929) studied the in vitro effect 
of x-irradiation on the blood cells. They irradiated the 
blood samples from normal and leukemic patients in a paraffin 
wax chamber. Samples of blood were taken at 5 or 10 minute 
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intervals during x-irradiation and the opsonic index deter-
mined using staphylococci as test organisms. These workers 
observed a decrease in phagocytic activity following x-irra--
diation in the leukocytes of both normal and leukemic blood 
within 35 minutes. On the other hand Glenn (1946a, 1946b) 
reported that the opsonocytophagic index of the leukocytes 
in the blood of rabbits can be increased by local treatment 
with x-rays. He found that this effect was most marked 
when a 100 r dose was used. The maximal increase in the 
opsonic index occurred 48 hours after x-ray treatment. 
Esplin, Marcus and Donaldson (1953) employed an in vivo 
technic and noted that the percentage of active peritoneal 
phagocytes was increased in mice on the second and sixth 
postirradiation day. These investigators suggested that 
this could be due to the reduced leukocyte response in the 
x-irradiated animal which increased the percent of active 
phagocytes by increasing the number of collisions of 
bacteria with a given phagocytic cell. They noted that the 
smears of peritoneal fluid obtained from x-irradiated mice 
consistently showed more free bacteria than those obtained 
from normal mice, suggesting that the total phagocytosis 
was less in the x-irradiated animals. Similar observations 
; 
were made by Fishman et a;., (1953) who studied the role of 
leukocytes in the increased susceptibility to infection of 
x-irradiated rats. These investigators determined the 
activity of phagocytes from blood samples of normal and 
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x-irradiated rats (600 r) at various postirradiation periods 
using Staphylococcus aureus as a test organism. A higher 
phagocytic iBdex than normal was noted between 2 and 12 
hours postirradiation. This was followed by a below-normal 
phagocytic index beginBing on the third and extending to 
the eleventh postirradiation day_ 
Some support of previous findings concerning circulating 
leucocytes was provided by Wilkinson (1954) who studied the 
effect of total body x-irradiation (550 r) on rats at various 
intervals employing an la vitro technic. This investigator 
noted that on the first, fifth, and sixth days following 
x-irradiation, the percent of phagocytic neutrophils and 
the number of ingested bacteria per active phagocyte was 
higher in the blood of irradiated animals. However, from 
the seventh day until the thirteenth day he found a statis-
tically significant decrease in the ability of the leukocytes 
to carry on phagocytosis. Fishman and Shechmeister (1955) 
however, reported that phagocytic indices in irradiated 
rats (600 r) were decreased on the third postirradiation 
day and returned to normal by the fourth postirradiation 
day_ 
c. Effect 2i x-irradiation 2B intracellular digestion. 
The effect of x-irradiation on phagocytic activity, as 
shown in the preceeding review of literature, is highly 
controversial, although the majority of investigations 
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indicate that phagocytic activity is not suppressed by 
x-irradiation in the sublethal range. 
The observation of am increase in the number of organ-
isms in the blood stream of x-irradiated animals 8 hours 
after the injection of Klebsiella pneumoniae, as reported 
by GordoR ~ al., (1955), suggested that the ability of the 
phagocyte to destroy microorganisms could be impaired 
following x-irradiation. Fitch ~ al., (1953) reported 
that during the 24 hours following the intravenous injection 
of I-13l labeled typhoid vaccine in rats, 47% of the 1-131 
activity was excreted by x-irradiated animals as compared 
to 68% I-13l excretion by the normal animals. This difference 
in percentage excretion remained marked until the fourth day 
after injection. 
Donaldson, Marcus, and Gyi (1954) reported that x-irra-
diation of mice (350 r) resulted in decreased intracellular 
digestion of the nuclei of chicken erythrocytes by peritoneal 
phagocytes from the sixth through the fifteenth postirra-
diation days. When the x-irradiation dose was increased to 
450 r, this depression of intracellular digestive capacity 
was prolonged through the twenty-second postirradiation 
day. Similar studies carried out employing Candida Suillier-
mondii as a living test organism also indicated that phago-
cyte digestive activity 1n mice is impaired following expo-
sure to x-irradiation in a dose of 350 r (Donaldson and 
Marcus, 1956)~ It is of interest, in connection with these 
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studies, to note that leucocytic extracts from x-irradiated 
animals demonstrated no bactericidal activity against 
Staphylococcus aureus when tested on the third postirradia-
tion day while extracts from control animals or rats 1 day 
after x-irradiation were actively bactericidal (Fishman and 
Shechmeister, 1955). 
It appears from the limited material available amd 
reviewed in this section that intracellular digestive 
fURction of phagocytes is impaired by whole body x-irra-
diation. 
D. Effects of chrol\ic exposure to ionizing radiation 
2n phagocyte function. Although literature concerning the 
hematologic effects of single exposure to ionizing radiation 
is overwhelming, similar studies employing multiple exposure 
is rare. The hematopoietic system of mice and rabbits 
exposed to periodic doses of gamma radiation, until accumu-
lated doses reached as high as 5,800 r, is comparatively 
radiation resistant as compared with the hematopoietic 
system of guinea pigs. It appears then that the dose 
response relationship is in part dependent on the species of 
animal employed (Lorenz !i al., (1954). Repetitive exposures 
to 75 r per week of gamma irradiation for different weeks 
caused a distinct decrease im the number of circulating 
leucocytes in the rat (Baum ~ a1., 1955). Miller (1956) 
reported that mice exposed to 60 r per day of gamma irradia--
tion can accumulate 2 or 3 thousamd r before their resistance 
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to experimental infection is much reduced, despite the 
development of severe leucopenia. Studies concerning the 
effects of repeated exposure to x-irradiation on both the 
phagocytic and intracellular digestive (cytopeptic) functions 
of macrophages will be reported upon in the experimental 
sections of this thesis. 
v. Influence of Immunization on Phagocyte Function 
Immunization has long beem successfully employed as 
an effective means of inducing resistance to various types 
of infectious disease. A few days following an injection 
of antigen there occurs a so-called "immune response". 
Currently the characteristic of this response assumed to be 
most significant is the appearance of specific antibodies 
in the circulation. Certain findings have indicated that 
active immunization confers definite alterations in the 
phagocytes themselves and that these changes in the phago-
cytic cells are independent of the humoral factors which 
are of significance in acquired resistance to infectious 
disease. 
Metchnikoff (1905) conceived phagocytes as themselves 
possessing different degrees of activity in normal and immune 
states of animals. Wilson and Miles (1956) have stated that, 
"an immunized animal behaves towards a virulent strain of a 
particular pathogenic bacterium in the same way as a normal 
animal behaves towards am aviruleat or slightly viru1eRt 
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strain of the same species". Wright (1923) studied the 
response of rabbits that had been immunized with a killed 
culture of pneumococci, to the intravenous injection of 
virulent pneumococci. Studies of the number of pneumococci 
per m1 of circulating blood at various times after inoculation 
of a virulent strain revealed that in the immunized animals 
the organisms completely disappeared from the blood stream 
within 96 hours after injection whereas in the normal animals 
the number of organisms in the blood stream first decreased 
and then reappeared and multiplied until the animals died. 
Subsequent investigators have made similar observations 
(Angevine, 1936; Kerby et al., 1950). The enhanced capacity 
of macrophages to phagocytize microorganisms has been impli-
cated as the cause of such observed differences in normal 
and immunized animals. Denys and Leclef (1895) after studying 
the nature of streptococcus immunity in rabbits, indicated 
that the increased phagocytosis of virulent bacteria following 
immunization depends upon alterations in the functions of 
the serum rather than in the phagocytic cells. Furthermore, 
they presented evidence suggesting that the influence of 
serum was not one of leucocyte stimulation. Rather, the 
evidence suggested that the serum acted upon the bacteria 
rendering them susceptible to phagocytosis. The experiments 
of Cannon and Pacheios (1930) with staphylococci also demoD--
strated that specific active immunization promotes phago-
cytosis by both macrophages and polymorphonuclear leucocytes 
and that the increase may be attributed to bacteriotropiRs. 
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In an attempt to find out which serum component is 
active in promoting phagocytosis, Mudd ~ al., (1934) 
studied various serum fractions obtained from immune animals. 
The effectiveftess of serum components was found to be in the 
decreasing order of whole serum, euglobin, pseudoglobulin. 
No phagocytosis occurred after exposure to the albumin 
fraction. 
Street (1942) foumd that monocytosis occurred in 
animals during immunization with attenuated pneumococci, 
and that the monocytes in these animals displayed an enhanced 
phagocytic capacity which was nonspecific, siBce the cells 
ingested even carbon particles and sterptococci more avidly 
than did those of control animals. Lurie (1939) in his 
studies of the phagocytic activity of monocytes obtained 
from animals immunized with BeG or tuberculous animals found 
that these cells were not only more actively phagocytic for 
tubercle bacilli but also for carboR particles. 
In connection with these findings, it is of interest to 
recall experiments of Mittermaier (1924). This investigator 
injected rabbits with staphylococci and 8 days later, when 
abcesses had been formed, blood was withdrawn and leucocytes 
were collected and washed. He found that these 1eucocytes 
phagocytized the corresponding staphylococci and not 
streptococci, anthrax or typhoid bacilli. The staphylococci 
were not phagocytized by washed leucocytes of normal rabbits. 
Participation of bacteriotropins was ruled out by exposing 
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normal 1eucocytes to the serum of the immunized rabbits and 
then washing them 5 times; such 1eucocytes did Bot phagocy-
tize staphylococci. It is also of interest that vaccination 
of rabbits with killed staphylococci did not enhance their 
1eucocytes t phagocytic capacity. Injection of living staphy-
locCtcci or of an old broth filtrate was necessary to elicit 
this phenomenon. 
In an attempt to determine the importance of immunization-
induced humoral factors on subsequent infection, Rich and 
McKee (1934) made animals which were immunized against pneu-
mococci, leucopenic by benzol treatment. The aim was to 
study the effect of immunization independeBt of leucocytic 
intervention. They noted that in the immunized 1eucopemic 
animals, the proliferating bacteria adhered to themselves 
and to tissues and were held fixed at the site of inoculation 
after nonimmune controls had died with septecemia. However 
the growth of immobilized bacteria proceeded uninterruptedly 
in the immunized leucopenic rabbits until great colonies and 
masses of pneumococci had formed at the site of infection. 
The bacteria eventually penetrated into the blood and lymph 
streams and the typical animal died with septecemia "eve. 
though its plasma is potent in passive protection of non-
immune animals possessing leucocytes". The investigators 
stated that if relatively few leucocytes appeared at the site 
of infection the bacteria which were opsonized by antibody 
were rapidly ingested and destroyed and the lesion was sterilized. 
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This finding suggested that even though there is antibody 
present, functionally active leucocytes are necessary for 
clearing the organisms. In'this connection it is of interest 
to note observations concerning development of infections 
following challenge, in x-irradiated: animals previously 
immunized 0 Perkins and Mareus (1956) noted that the protec-
tive value of preradiation immunization decreased as the 
radiation dose was increased. Findings that preformed anti-
body was not affected following x-irradiation exposure 
(Talmage, 1955) and that x-irradiation suppression of leuco-
cytic functions such as phagocytosis and intracellular diges-
tion was proportional to the radiation dose (Donaldson and 
Marcus, 1956) implies that the development of infections in 
immunized x-irradiated animals, which are subsequently 
challenged with the corresponding organisms, is dependent 
upon the number of functionally active leucocytes remaining 
uninjured following x-irradiation exposure. If this specu-
lation is valid, one would then expect that transfusion of 
functionally active leucocytes following exposure ,to ionizing 
radiation might be or value in controlling the infections 
that develop following radiation injury. In this connection 
it is of interest to Bote that Hollingsworth ~ al., (1956) 
obtained reduction in the development of bacteremia following 
radiation injury in rats by transfusion of leucocytes from 
Dormal animals. 
Following active immunization, phagocytes attaim an 
increased ability to digest the ingested organisms which 
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are normally resistant to digestion. Lurie (1942) injected 
lymph node suspensions containing engulfed tubercle bacilli 
into the anterior chambers of rabbit eyes. He found that 
the phagocytes from rabbits immunized with BeG vaccine 
inhibited the multiplication of this organism. Similar 
observations have been made by Suter (1952) utilizing 
in vitro technics. This worker demonstrated that monocytes 
from immunized rabbits or guinea pigs were able to inhibit 
proliferation of tubercle bacilli. On the other hand, 
Mackaness (1954) was unable to obtain any difference in 
the rates of increase of bacterial populations of tubercle 
bacilli in monocytes obtained from normal and BeG vaccinated 
animals. 
Similar findings have been reported in the literature 
indicating that certain changes take place in the leuco--
cytes obtained from animals immune to virus infections. 
Fairbrother (1933) studied the production of immunity to 
vaccinia virus by mixtures of antibody and virus. By means 
of intracerebral tests in rabbits he showed a viricidal 
action of normal, and an even greater action of immURe leuco-
cytes on vaccinia virus in the presence of antibody. Similar 
observations with herpes simplex virus were made by Jamuni 
and Holden (1934). These investigators found that serum-
virus mixtures which were themselves infectious when injected 
intracerebrally into rabbits, in some experiments were not 
infectiou~ following mixture with leucocytes. In contrast 
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to these observations Sabin (1935) found neither evidence 
of the ability of antibody to exert an opsonic action on 
vaccinia virus nor evidence that the leucocytes can destroy 
the virus in the presence of antibody. More recently, Ginder 
(1955) reported that when leucocytes and macrophages, 
obtained from fibroma~immune rabbits, were added to antibody~ 
fibroma virus mixtures, a significant increase in the neutra~­
lization of fibroma virus was observed with the effect of anti-
body alone. In addition, he found that immune cell suspensions 
from peritoneal exudates, regional lymph nodes, buffy coats, 
spleen and liver were all effective in inhibiting fibroma 
virus. Studies of the mechanism of action of the immune cells 
revealed (a) that living cells were eSB'ential; (b) that normal 
cells treated with antibody did not simulate the effects of 
immune cells; (c) that immune cells contained less preformed 
neutralizing antibody than an equivalent volume of antiserum; 
and (d) that inhibition of fibroma lesions was not the result 
of viral interference. 
It is of interest that observations concerning the capacity 
of macrophages obtained from immunized animals to inhibit 
infectious disease agents have been made with protozoa as well 
as with bacteria and viruses. Vischer and Suter (1954) studied 
the intracellular multiplication of Toxoplasma gondii in macro-
phages cultivated in vitro. From the observations that mac'ro-
phages from immune animals combined with antibody were more 
inhibitory than the antibody alone with normal macrophag~s, 
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these investigators suggested the plausibility of the role of 
cellular factors in infections with Toxoplasma. These results 
are in agreement with previous findings by ,Taliaferro (1949) 
that during the period in which resistance increases macro-
phages become enormously more active in the destruction of 
malarial parasites. 
It appears therefore that Metchnikoff's concept that . 
macrophages obtained from immune and normal animals possess 
different degrees of activity is well supported. It further 
appears that this concept applies, not only to noninfectious 
particulate matter, but also to certain bacterial, viral or 
protozoal infections. 
VI. Adrenal Cortex and Phagocyte Function 
The enhancement of susceptibility to various types of 
infections by cortisone and ACTH in man and experimental 
animals has been demonstrated by numerous investigators 
(Hart and Rees, 1950; Thomas, 1952; 'Garmuth at al., 1952; 
Robinson and Smith, 1953; Kass and Finland, 1953)& This 
decreased resistance to infections has been suggested to be 
a result of cortisone induced depression of immunological 
protective mechanisms of the host. Suppression of inflam- . 
matory response (Cummings ~ ~., 1952; Dougherty, 1954; 
Germuth, 1956) and antibody production (Bjorneboe II al., 
1951; Germuth ~ !l., 1952; Fischel, 1953) have been reviewed. 
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This section reviews the relationship between adrenal cortical 
hormones and the phagocytic and cytopeptic action of phago-
cytes. 
A. Adrenelectomy. Adrenal insufficiency has been 
reported to increase susceptibility of animals to a number 
of infections (Perla and Marmortson, 1941; Robinson at al., 
, --
1953; Hill, Brown and Gebhardt, 1954). The mechanisms whereby 
adrenalectomy induces decreased antibacterial resistance 
are not known. However, a few investigators have attempted 
to study the influence of the adrenal cortex on the phago-
cytic capacity of the reticulo-endothelial system. Gordon 
and Katsh (1949) reported that splenic uptake of colloidal 
Th02 was less in adrenelectomized rats than in normal animals. 
Esplin, Marcus and Donaldson (1953) found that adrenelectomy 
caused a significant reduction in the splenic uptake of Th02 
in rats but not in mice. Although splenic macrophages uptake 
was normal in adrenalectomized mice, they found that phago-
cytosis by peritoneal leucocytes was decreased following 
adrenelectomy and returned to normal after 6 days. On the 
other hand Reichard !1 al., (1956) found a significant increase 
in the uptake of Au-198 by the spleen and liver of adren-
electomized or hypophysectomized rats. From comparative studies 
of the deposition of Au-198 and Th02 in various reticulo-
endothelial organs in adrenelectomized of hypophysectomized 
rats, these investigators concluded that the pituitary-
adrenal axis exerts a regulatory influence on phagocytosis. 
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However, depending on the type of colloidal particle employed 
and the particular reticulo-endothelial organ examined, this 
influence on phagocytosis may be accelerating or inhibiting. 
B. Effect of ACTH and cortisone .Q.!! circulating leuco-·· 
cytes. In order to ascertain the role of circulating. leuco-
cytes in resistance to infections following treatment with 
adrenal cortical hormones, nuaerous investigators have studied 
the effect cortisone and ACTH have on phagocytic activity of 
",. 
these cells. Crepea ~ a1., (1951) found that the phagocytic 
activity of the polymorphonuclear leucocytes obtained from 
9 out of 10 patients undergoing cortisone therapy was decreased 
as compared to normal. Similar depressive effect ton phago-
cytic activity was observed by Rebuck and Mellinger (1953). 
These findings were supported by the observation of Crabbe 
(1955a, 1955b), who reported that treatment of rabbits with 
ACTH and cortispne significantly decreased the phagocytosis 
of staphylococci by leucocytes obtained from such animals. 
In another investigation however, he reported that (Crabbe, 
1956) cortisone in a daily small dose of .2 mg per kg of body 
weight, administered subcutaneously in rabbits, enhances the 
phagocytosis of staphylococci by macrophages. In contrast 
to the above investigators Mogabgab and Thomas (1952) who 
induced intracutaneous infection with Group A hemolytic strepto-
cocci in rabbits, noted that there are Ji<i.;:'d'1ffere'lIce.a iRothe 
phagocytic activity of the leucocytes between the normal and 
the cortisone treated animals. This observation is supported 
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by findings of Germuth, (1956) that cortisone did not destroy 
the ability of the leucocytes to phagocytise viable pneumo-
cocci. This investigator favors the view that the lack of 
phagocytic ability of leucocytes from cortisone treated 
subjeQts, as observed by previous investigators (Crepea at al., 
1951; Rebuck and Mellinger, 1953), could, have resulted from 
a cortisone induced decrease in numbers of leucocytes rather 
than a direct effect on leucocytic activity. 
C. The effect of !Q1!i and cortisone .Ql! the reticulo-
endothelial system. In view of the enhancing effect of corti-
sone on blood stream infection a number of investigators 
have studied the effect of cortisone on the reticulo-endo-
thelial system. Clawson and Nerenberg (1953) studied the 
effect of large doses of cortisone upon the ability of the 
reticulo-endothelial cells of rats to phagocytize streptococci. 
These workers reported that the efficiency of the HE cells 
to engulf bacteria appears to be about equal in cortisone 
treated and normal rats. However, they noted that the 
organisms in the treated animals were not completely destroyed, 
as determined from the number of positive fields, until 
between 72 and 96 hours after the intravenous injection where-
as in normal animals this occurred in between 24 and 48 hours. 
These workers suggested that the reticulo-endothelial cells 
in cortisone treated animals are unable to destroy engulfed 
organisms. 
Heller (1955) studied the effect of cortisone on the 
phagocytic function of the reticulo-endothelial system by 
determining the disappearance rate of intravenously injected 
radioactive CrP-3204 from the blood of rats. He reported 
that in rats which had received a daily intramuscular injec-
tion of 20 mg of cortisone for 3 days, the phagocytic 
activity of the reticulQ-endothelial cells was depressed. 
Cornwell (1953) reported similar observations using radio-
active colloidal gol~ in rabbits. 
On the other hand, Marcus, Esplin and Hill (1953) who 
studied the ~2 hour·splenic uptake of colloidal Th02 in mice 
and the peritoneal phagocytosis of Micrococcus aureus in tbese~ 
animals, noted that cortisone in doses of 0.1 mg and 1.0 mg/ 
12 nrs enhanced the phagocytic ·activity of the macrophages. 
Other investigators, whose work is cited below, were 
unable to demonstrate any alteration in phagocytic activity 
of reticulo-endothealial cells following cortisone treatment. 
Benacerraf II al., (1954) reported no effect of cortisone 
on the granulopectic activity of the reticulo-endothelial 
cells in mice. This is in agreement with findings by previous 
investigators who employed bacteria(M~rtin and Kerby, 1952), 
colloidal radioactive gold particles (Gell and Hinde, 1953), 
and india ink (Gamble and Hettig, 1952). Furthermore, phago-
cytosis of Staphylococcus album by peritoneal macrophages was 
not affected by cortisone treatment (Gell and Hinde, 1953). 
Furthermore, intracellular digestion of chicken.erythrocytes 
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by mouse peritoneal phagocytes has also been reported to be 
unaltered by treatment with cortisone (Gyi, Donaldson and 
Marcus, 1955). 
It is apparent that the conclusions obtained by different 
investigators concerning the affects of cortisone and ACTH on 
phagocyte function are contradictory. These inconsistent 
results could be due to variation in the hormone doses, the 
species of animals and the particles utilized to study phago-
cytosis. With the available evidence it is difficult to state 
with confidence that phagocytic activities are inhibited by 
cortisone. Nevertheless the increased susceptibility to 
• 
infection and the development of bacteremia in cortisone 
treated animals have been consistently observed. One investi-
gator, (Germuth, 1956) however, stated that "there is DO 
reason to believe that cortisone inhibits phagocytosis in any 
other way than by suppression of the accumulation of leuco-
cytes during inflammation". 
MATERIALS AND METHODS 
I. Animals 
Adult albino mice (Mus musculus) obtained from a 
regional source weighing between 20 and 30 gms were emplo-
yed with the exception of one experiment in which LArl mice 
weighing 27 to 35 gms were used.* Adult albino rabbits, 
weighing between 2 and 3 kgs, were purchased from one local 
source. 
II. X-irradiation 
A Westinghouse Quadrocondex x-ray machine was used in 
all experiments. Irradiation factors were; 250 KV, 15 ma, 
1.0 ram Al and 0.5 mpl Cu filters in addition to an inherent 
filtration of 2.5 mm Al and 0.25 mm Cu. The distance from 
focal point to surface on which mice and rabbits were stalld-
ing was 50 and 105 cm respectively. Mice were irradiated in 
groups of twelve or less in a cylindrical cardboard contaiaer 
having a diameter of 17 em and a height of 3 em. The average 
dose rate as determined by a Victoreen r meter was 90 r per 
minute for mice. Measurements were made in air at positions 
that would be occupied by the center of the mouse's body as 
it moved about the box during the x-irradiation exposure. 
* tAti ,:mi6e were supplied through' t-he efi'orts,)of· 
Lt. Col. Robert Veenstra, Jr. and Dr. MYron S. Silverman 
of the U. S. Naval Radiobiological Defel1se Laboratory, 
San Francisco, California 
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Rabbits were irradiated, 2 at a time, in a wooden box with 
dimensions of 8 x 16 x 7.5 iDe A wax phantom was placed in 
the box and the average dose received at the center of the 
phantom was determined. The dose rate at this point was 
26.9 r per minute and each irradiated rabbit received a dose 
of 600 r. 
III. Immunization 
The procedure used for immunizing mice consisted of 
6 intraperitoneal injections of 0.1 ml of a 5% chicken red 
blood cell suspension given at 2-day intervals. The chickeD 
erythrocytes were washed in saline 3 times before making up 
the final suspension. The immunization procedure employed 
in all rabbit experiments consisted of 6 intraperitoneal 
injections of 1 ml of a 5% washed chicken erythrocyte suspen-
sion given at 3-day intervals. 
IV. Radiometric Technic for the Determination of 
Splenic Uptake of ThorotrastR* in Mice 
Mice were sacrificed by ether anaesthesia, spleens removed 
and their wet weights determined to the nearest milligram. 
Each spleen was put into a corked test tube in which the spleen 
was to be homogenized. Before homogenization, 0.5 ml of a 0.3 M 
* Thorotrast is a stabilized colloidal solution of Th02 
(24-26% by vol). The Thorotrast solution employed 
throughout this experiment was obtained from Tastagar 
& Co., Inc., Detroit, Michigan. 
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sucrose solution (isotonic) was added per 100 mg of spleen. 
Each spleen was then homogenized in a motor-driven tissue 
grinder. The homogenate (0.2 ml) was pipetted, using either 
a 0.25 ml Kahn antigen pipette or 0.2 ml pipette, onto an 
aluminum planchet (Tracerlab). In carrying out these pro-
cedures extreme care was taken to prevent loss of fluid by 
evaporation. The homogenate was plated while rotating the 
planchet on a turntable exposed to a hot air blower. Under 
these conditions the preparation dried within 2 to 3 minutes 
after transfer was completed. The radioactivity of the homo-
genate was determined using an end window Geiger-Muell~r 
counter (Nuclear-Ghicago). The counting equipment was always 
checked before used with ac~14 standard which gives approx-
imately 5,000 cpm. For each sample, a background COURt was 
determined and subtracted from the actual count obtained with 
the corresponding sample. In all the measurements, dupli-
cate plating of each spleen homogenate was made and the mean 
taken as the actual activity present. 
v. In Vivo Technic for the Determination of Intracellular 
--, 
Digestive (Cytopeptic) Activity by Phagocytes 
During early investigation on phagocyte function, 
Metchnikoff injected goose erythrocytes into the peritoneal 
cavity of guinea pigs and observed the intracellular digestion 
of these cells by guinea pig phagocytes. A modification of 
this technic was employed in the present experiments. Adult 
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albino mice were emp10yed for all in vivo tests. A peritoneal 
exudate was induced in mice by the injection of 0.5 ml of 
~ 
glycogen-saline (O.Ol mg/ml) solution. Thirty-six hours later, 
at a time when the majority of the cells in the peritoneal 
exudates were madrophages, 0.5 ml of a 1:20 salime dilutiom 
of 4% citrated chicken blood was injected intraperitoneally. 
At various times after injectiom of chicken erythrocytes 
suspension, mice were sacrifiq~d, smears prepared of the 
peritoneal exudate and stained with Wrightts stain. The 
in !1!Q data recorded in the tables were collected from the 
smears prepared 4 hours after the injection of the chicken 
erythrocytes. 
Following the ingestion of the nucleated chicken ery-
throcytes by the phagocytes, the most marked change was the 
loss of basophilic staining capacity of the erythrocyte 
nucleus. The erythrocyte cytoplasm maintained normal stain-
ing characteristics after the nucleus had disappeared. Since 
the nuclei of the nonimgested chicken erythrocytes in the 
peritoneal exudate were not morphologically altered, it was 
assumed that the breakdown of nuclear material of the imgested 
chicken erythrocyte ('Figure 1) was due to intracellular diges-
tion by the phagocytes. The erythrocytes engulfed in 20 to 
30 phagocytes were counted by two persons and the percent of 
cells with abnormal staining characteristics determined. 
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Figure 1. Intracellular digestioB of chicken erythrocytes 
by mouse phagocytes. This slide was prepared from the 
peritomeal exudate of normal mouse. Chicken erythrocytes 
in various stages of digestion are seen in the phagocytes. 
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VI. 1! Vitro Technic for the Determination of Intracellular 
Digestive (Cytopeptic) 'Activity by Phagocytes 
Phagocytes for the in vitro tests were collected from 
the peritoneal exudates of rabbits 48 hours after the injec-
tion of 4 mg of glycogen dissolved in 25 ml of saline. The 
cells of the peritofteal exudate were washed 3 times with 
phosphate-buffered saline (pH 7.2) an~ resuspended iB. a 
volume three times the packed cell content. To 0.5 ml of 
this phagocyte suspension was added an equal volume of heat-
inactivated (56°0 for 30 min) serum from immunized rabbits. 
Following the addition of 0.25 ml of a 5% washed erythrocyte 
suspension to the phagocyte-serum mixture the suspensioJl was 
incubated at 37°C and smears prepared at various times. The 
use of antiserum was necessary to obtain consisteRt phago-
cytosis in vitro. 
VII. Other Materials and Methods 
The above materials and methods will be considered as 
standard. Any deviatio. from the standard will be specified 
in the discussion of the experimental results. For purposes 
of continuity, certain ot~er materials and methods employed 




I. Effect of Single Exposure to X-irradiation OR the 
Phagocytic Activity of the Reticule-endothelial System 
From the material comsidered in section IV of the liter-
ature review of this thesis, it is apparent that the effects 
of x-irradiation om phagocytosis by circulating and fixed 
phagocytes are still in doubt. Phagocytosis by reticulo-
endothelial cells has been reported to be decreased (Gabriel1, 
1953; Taplin ~ !l., 1952), increased (Wish at al., 1951) or 
unaltered (Barrow et al., 1951, Fitch ~t !l., 1953). In view 
of these contradictions, studies concerning the effects of 
x-irradiation on phagocytic activity as measured by the local-
ization in spleen of intravenously injected thorium dioxide 
were carried out. In these studies different doses of x-irra-
diation were administered acutely to mice and phagocytic 
activity determined at different postirradiation periods. 
A. Relationship between radioactivity ~ ThorotrastR 
concentration. In order to calculate the amount of depo-
sition of ThorotrastR in spleen, it was necessary to know 
the radioactivity of spleens containing known concentrations 
of Th02• A standard curve was constructed by the following 
method: spleens were obtained from normal mice and their 
respective wet weights determined. Various concentrations of 
Th02 (0.5 to 10 mg./ml.) were prepared using 0.3 M sucrose 
solution as the diluent. The differeat concentrations of 
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Th02, in 0.5 mI. volumes, were added to give known concen-
trations per 100 mg. of spleen. The tissues were homogenized, 
plated on metal planchets (Tracerlab), and the radioactive 
content of the homogeaates determined as previously described. 
This experiment was repeated three times and the mean values 
calculated. Figure~2; shows the relation between the radio-
activity and the known quantity or~ThO present per IOO~mg. 2 .< 
of splenic tissue. Each point on the graph represents the 
mean value of three determinations. It is seen that the 
radioactive content of the homogenates is directly prop~r­
tional to the amount of Th02 within the range of concea-
tration of Th02 employed. For this reason correction for 
self-absorption of the samples was considered unnecessary. 
B. Effect 2i x-irradiation £n1h! localization 2!!!Q2 
ill m~use spleens .2!. the second postirradiation day. A group 
of 30 mice was exposed to a 300 r dose of whole-body x-irra-
diation. On the second postirradiation day the mice were 
injected intravenously with 0.2 ml. of Th02, diluted 1:2 in 
saline. At this time a control group and am equal number 
of nonirradiated mice received the same amount of Th02• The 
mice were randomly divided into three groups, each consisting 
of 10 x-irradiated and 10 nonirradiated animals. These 
groups were sacrificed at 2, 6, and 24 hours, respectively, 
after the Th02 injection. These times were chosen because 
preliminary studies made at 15 minutes, i hour, 1 hour, ... 
2 hours, 4 hours, 6 hours, and 24 hours indicated that uptake 
Figure ,2. Relationship between radioactivity and Th02 













Mg of Th02/100 mg of splenic tissue 
by spleens of injected Th02 follows a linear relationship 
with time and reaches a maximum at 2 hours. Spleens were 
removed following sacrifice and each spleen was used as one 
sample to determine the Th02 uptake. Radioactivity of the 
samples was determined as previously described. This experi-
ment was repeated with mice exposed to 400 and 500 r of 
x-irradiation. The results of the experiments are recorded 
in Table 2. Knowing the respective spleen weights, the 
amount of Th02 present was oalculated and the values expressed 
as milligrams of Th02 per organ (spleen). The results are 
shown in Figure 3. It will be noted that the curves describing 
the data obtained with the test animals are similar in pattern 
to those of the respective controls. Statistical analyses, 
using Studentts "ttl test for unpaired data, show that splenic 
localization values of x-irradiated animals are the same as 
those for corresponding control groups. 
c. Effect of x-irradiation £n ~ localization of Th02 
in mouse spleens Q! the seventh postirradiation day. In the 
previous experiment it was observed that x-irradiation in 
doses of either 300, 400 or 500 r had no effect on the splenic 
uptake in mice of intravenously injected Th02 when determined 
2 days after exposure to x-irradiation. Since bacteremia 
and maximum susceptibility to infection in x-irradiated 
animals develop at the beginning of the second postirradia-
tion week (Miller !1 al., 1951, Shechmeister, 1954). it was 
considered desirable to determine the effects of x-irradiation 
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TABLE 2 
EFFECT OF VARIOUS DOSES OF X-IRRADIAT~ON ON THE 
LOCALIZATION IN SPLEEN OF INTRAVENOUSLY INJECTED 
Th02 WHEN TESTED ON THE SECOND POSTIRRADIATION DAY 
spleen Mg Th02 (Mean ~ S.E.) per Expt. X-ray Ti~e after injection of ThO~ 2 hours 6 hours /4 hours no. dose 
I 300 r 3.8 ... .8 3.64 ... .6 2.69 .f-
None 4.75 ! .5 4.96 ! • 9 3ti96 ... 
II 400 r 3.55 ... • 4 2.94 ... .2 3.33 ... 
None 3.79 ... • 8 2.92 ! • 2 3.94 ... 
III 500 r 3.41 .... 9 2.71 ! .1 2.82 ... 
None 3.01 '" .5 4.30 ! 07 2.71 ... 
Average splenic uptake is'calculated from results 
obtained with 8-10 mice. . 
Expt.no. - Experiment number.' 







These abbreviations apply to all the tables that follow. 
51 
, ". 
Figure Jj. Effect of various doses of x-irradiation OR the 
localization in spleen of iatravenously injected Th02 whem 
tested on the selJ"oRcf' postirradiation day. 
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om localization of Th02 in the spleen at this postirra-
diation time. An experimental design similar to the one 
given for the previous experiment was employed except that 
determination of Th02 in spleens was accomplished on the 
seventh postirradiation day. The results of the experimemts 
are recorded in Table 3. The splenic uptake values are 
graphically shown ia Figure 4., It will be noted that the 
curves obtained with the x-rayed mice follow patterns 
similar to those of the respective controls. Statistical 
analyses usi:m.g Studentts nt" test for unpaired data showed 
that there is no significant differences in the 2, 6, and 
24 hour splenic uptake values between the controls and the 
300 or 400 r x-irradiated animals, with the exception of the 
2-hour splenic uptake value in the latter group. However, 
the 500 r dose of x-irradiation was found to depress signi-
ficamtly the splenic uptake of Th02 at 2, 6, and 24 hours 
after injection when compared to the controls. 
D. Erfects{'of x-irradiatiom .2.!. .:!?h! localization ,.91. 
Th02 in spleens of ~~. In the previous experiment 
i~ was demonstrated that a 500 r (LD99/30 days) dose of 
x-irradiation causes a significant depression in the splenic 
uptake of Th02 in the adult albino mice. S~nce differences 
in sensitivity to x-irradiation do exist among different 
strains of the same species the effect of x-irradiation on 
the localization of Th02 i. the spleeD~ of LArl mice ~posed 








EFFECT OF VARIOUS DOSES OF X-IRRADIATION ON THE 
LOCALIZATION IN SPLEEN OF INTRAVENOUSLY INJECTED 
Th02 WHEN TESTED ON THE SEVENTH POSTIRRADIATION DAY 
X-ray 
Mg Th02 (Mean! S.E.) per spleen 
time after in action of ThO 
dose ours ours 
300 r 2.19 ! ';4 1.56 .! .2 1.98 ! .4 
None 2.83 .. .7 1.93 ! .4 2.76 ! .6 
-
400 r 1.42 .. .2* 1.92 i .1 2.1 ! .5 
None 3.34 ! .6 2.35 ! .4 2.36 .! .1: 
,DO r 1!62 i ~3* 1~14 ... ~2* 1~75 ! .7* 
None 4.88 ! .7 3.6 ! .6 3.99 i ., 
*Statistical analysis using Student's "t" test shows'signi-
ficant difference between x-irradiated and control group. 
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Figure 4. Effect of various doses of x-irradiation on the 
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study was carried out seven days after exposure. The results 
are shown in Table 4 and Figure 5. Statistical analysis 
showed that a 550 r dose of x-irradiation caused a signifi-
cant depression of the splenic uptake values at 2, 4 and 24 
hours after Th02 injection. 
II. Effect of Exposure to Chronic Doses of X-irradiation 
on Phagocytic and Cytopeptic Activity 
It has been previously reported (Donaldson, Marcus and 
Gyi, 1954) that x-irradiation in doses of either 350 or 
450 r suppressed the intracellular digestion of chicken 
erythrocytes by mouse peritoneal phagocytes. In preceding 
experiments it was demonstrated that x-irradiation in a 
dose of 500 r caused a significant depression in the uptake, 
by the mouse spleen, of intravenously injected ThO when 
2 
tested on the seventh postirradiation day. Although there 
exists a considerable body of information, (Taliafe~ro and 
~ , 
Taliaferro, 1951, Donaldson and,Marcus, 1956) ceRcerning 
the effects on host defense mechanisms of a single exposure 
to whole body x-irradiation', relatively little work has 
been carried out regardiBg the effects of chronic exposures 
to ionizing radiation on host defenses. This study was there-
fore performed to determine the effects of multiple exposures 
to low doses of x-irradiation on the phagocytic and cytopeptic 
activities of the phagocytes. 
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TABLE 4 
EFFECT OF A 550 r DOSE OF X-IRRADIATION ON THE LOCALIZATION 
IN SPLEEN OF INTRAVENOUSLY INJECTED Th02 IN LAf1 MICE WHEN 





Mg,rh02 (Mean ~ S.E.) per spleen 
Time after, injection of Th02 
2 hours 6 hours 24 hours 
1.26 ~ .05* 
5.90 ... • 34 
1.12 ! .22* 
5.94 ! 1.6 
.9~ ! .28* 
2.7+ .58 
*Stat1stica1 analysis using Student's "t" test shows Signi-
ficant difference between x-irradiated and control group. 
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Figure 5. Effect of a 550 r dose of x-irradiation on the 
localization iR spleen of intravellously injected ThO in" 
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A. Effect of chronic doses of x-irradiation £n ~ 
localization 2f ~h02 in spleen~. A group of 180 mice were 
divided into 6 groups. The first group received x-irra-
diation in a dose of 25 r, 3 times a week for 6 weeks; the 
second for 8 weeks and the third for 11 weeks. The remain-
ing 3 groups served as controls for each x-irradiated group. 
The time in days after which measurement of localization 
of Th02 was made and the results obtained are shown in Table ~ 
Statistical analysis indicated no significant differences 
in the splenic uptake in x-irradiated animals exposed success-
ively to doses of 25 r, 3 times a week for a period of 6, 
8 and 11 weeks; cumulative doses were 450 r, 600 r, and 
825 r respectively. 
B. Effect of chronic doses of x-irradiation £n intra--
cellular digestion .l2.I. mouse phagocytes. .:A group of 30 mice 
were divided into 3 groups. The first and second group 
received 25 r doses of x-irradiation, 3 times per week for 
6 and 8 weekS respectively. The third group served as a 
control. Seven days after the last radiation exposure, mice 
were given an intraperitoneal injection of 0.5 ml of citra-
ted chicken blood diluted 1:20 in sa~ine. The animals were 
sacrificed 4 hours after injection of the chicken red blood 
cell suspension and smears of the peritoneal exudate were 
prepared. Intracellular {cytopeptic} digestive activity 
was determined employing technics already described. The 

























































































































































































































































































































































































EFFECT OF CHRONIC DOSES (25 r, 3 TIMES PER WEEK) 
OF X-IRRADIATION ON THE INTRACELLULAR DIGESTION 
OF CHICKEN ERYTHROCYTES BY MOUSE PHAGOCYTES 
Time of ex)osure Aooumulated Percent digested (weeks dose, r Mean .. S.E. 
6 450 72.5 ! 6.3 
600 74.2 i 5.g 
None 72.0 f 3.g 
crbc - chicken red blood cells. 
crbc 
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analysis using Student's "tH test for unpaired data show 
that there is no significant difference between x-irradiated 
and control groups in the precent of chicken erythrocytes 
digested. 
III. Effects of Immunization and/or X-irradiation 
on Cytopeptic Action by Phagocytes 
During the course of investigations (Donaldson, Marcus 
and Gyi, 1954; Donaldson and Marcus, 1956) on the effects of 
total body x-irradiation on specific mammalian host defenses, 
it was found that x-irradiat~on in doses of 350 and 450 r 
suppressed the intracellular digestion of chicken erythrocytes 
as well as digestion of viable organisms such as Candida 
gulliermondii. In view of the findings that phagocyte diges-
tive function was depressed following irradiation injury and 
since immunization has long been used to enhance host's 
resistance, studies of the effects of immunization alone or 
in conjunction with x-irradiation on phagocyte digestive 
function were carried out with the hope of gaining insight 
into the relationship between cellular immunity and immuni-
zation. 
A. Effect.2f. active immunizat;l~n and/or, .x-irradiation 
Q! the in-vivo intracellular digestion £f chicken erythro-
cytes ~ mouse phagocytes. Since x-irradiation induces 
depression of intracellular digestion by peritoneal phagocytes, 
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an attempt was made to determine whether such function was 
altered by immunization with chicken red blood cells and 
further, to determine the effect x-irradiation would have 
on any immunization-induced alteration. Mice were divided 
randomly into 6 groups. Three of the groups were immunized 
with chicken red blood cell suspension following the pro-
cedure previously described. Two days after the last immun-
izing injection one immunized group and one non-immunized 
group were exposed to a 350 r dose of total body x-irradia-
tion. A second immunized group and second non-immunized 
group received a 450 r dose at the same time. The remaining 
immunized and non-immunized groups served as immunized and 
non-immunized controls respectively. On the sixth post-
irradiation day, cytopeptic activity test with chicken red 
blood cell suspension was carried out employing the technics 
already described. The results obtained from the peritoneal 
smears prepared 4 hours after the injectio~ of chicken erythro-
cyte suspension are recorded in Table 7. The results were 
subjected to statistical analysis using Student's "ttl test. 
Active immunization significantly enhanced the rate of 
digestion of chicken erythrocyte by the phagocytes as compared 
to the normal animals. turthermore, it was noted that intra-
cellular digestion by phagocytes of immunized-irradiated 
animals was no different from that seen in nonimmunized irra-
diated mice. This finding suggests that the immunization-
induced increased rate of phagocyte digestion was completely 
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TABLE 7 
EFFECT OF X-IRRADIATION AND/OR IMMUNIZATION ON 
DIGESTION OF CHICKEN ERYTHROCYTES BY MOUSE PHAGOCYTES 
: 
Number' Treatment Percemt digested Compared 1'* 
of mice crbc to value 
Mean ... SIE. 
9 Control 78 i 2.2 




6 350 r 68 .. 5.0 Control .1-.&2. 
7 Immunized .f 70 ... 2.0 Control <~ 350 r - Immunized <~ 
7 450 r 62 ! 2~8 Control "< 01 4--
8 Immunized + 65 of. 5.6 Control' <~ 450 r <.t...-l 
*p values calculated with Stuaemtts Itt" test. 
Ullder1ined P values are signif1caRt at the 5% level. 
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destroyed by exposure to 350 or 450 r of total body x-irra-
diation given two days following the last immunizing injection. 
Microscopic examination indicated that there were more extra-
cellular, that is uningested, chicken erythrocytes in the 
smears from the nonimmunized animals than in the smears from 
the peritoneal fluid of the immunized mice. Slides prepared 
from peritoneal exudates at shorter intervals after the intra-
peritoneal injection of chicken red blood cell suspension 
revealed that the free chicken erythrocytes in the exudate 
from all immunized mice were undergoing lysis. Although 
x-irradiation decreased digestion in the immunized animals 
no apparent differences in theeKtent of uptake of chicken 
erythrocytes by peritoneal phagocytes from immunized non-
irradiated and immunized irradiated animals were seen. 
Since specific antibody is known to enhance the phago-
cytosis of bacteria by macrophages (Neufeld and Rimpau, 1905), 
it was considered desirable to find out if the increased rate 
of cytopeptic activity of the phagocytes as observed in this 
experiment, could be attributed to the presence of specific 
antibody. Therefore, hemolysin titrations were carried out 
with the sera of these aad other mice that had received 
similar treatment. Hemolysin titrations were performed 
following the technic described by Kabat and Mayer (1948). 
This procedure consisted of making two fold dilutions of 
heated (56°C for )0 minutes) serum in saline starting with a 
1:10 serum dilution. One tenth ml of each serum dilution 
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was added to a tube that contained 0.1 ml of a 2% suspension 
of chicken erythrocytes, 0.2 ml of 1:20 dilution of guinea 
pig complement and 0.4 ml of physiological sa11ft&. The 
mixture was incubated at 37°C for 30 minutes and then stored 
overnight at 4°C. Hemolysin titers were then recorded. 
The results obtained are recorded in Table 8. Although no 
significant depression of antibody titer was noted when 
\ 
x-irradiation followed immunization, there was a slight 
decrease in titers following 350 r of x-irradiation and this 
decrease became more pronounced following 450 r. With the 
exception of one mouse, all the 54 non-immunized (irradiated 
and non-irradiated) mice showed hemolysin titers of less 
than 1:10. No correlation was noted between the hemolysin 
titer and the cytopeptic capacity when the results obtained 
from individual mice were compared. 
B. Influence of x-irradiation and/~ immunization ~ 
the i!l-vitro" intracellular digestion of chicken erythrocytes 
~ rabbit peritoneal phagocytes. In the preceding experiment 
it was found that immunization resulted in increased diges-
tion by mouse phagocytes of chicken erythrocytes and that 
this immunization-indue'ed elihanced cytopeptic capacity of 
the phagocytes was destroyed by exposure to x-irradiation. 
The possibility existed that, this increased cytopeptic 
activity following immunization could be due to the fact 
that all ingested chicken erythrocytes in the phagocytes 
from immunized animals were phagocytized at an accelerated 
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TABLE 8 
ANTI-CHICKEN RED BLOOD CELL HEMOLYSIN TITERS OF MICE 
Number Treatmen.t 
of mice 
18 None 17 1 (Control) 




(<I:, j 3'50 r 3 3 7 1 
17 Immunized ! 450 r 5 2 2 
18 350 r 18 
18 450/r 18 
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rate following contact with antibody. Consequently the 
average time a chicken red blood cell might have been present 
in the phagocyte from an immunized animal could be longer 
than such time in the phagocytic cells of mon-immunized 
animals. In view of these possibilities, in vitro diges-
tion experiments were carried out. 
Rabbits were employed in these tests because of the 
technical difficulty encountered in obtaining a sufficient 
quantity of peritoneal phagocytes from mice. 
In the first experiment the rabbits were grouped as 
follows: one group was untreated and served as controls, 
the second group was immunized with chicken erythrocyte, 
the third was x-irradiated and the fourth was immunized and 
x-irradiated. The irradiated animals were exposed 7 days 
after the last immunizing injection. Seven days later 
chicken erythrocyte digestion tests were carried out employ-
ing technics already described. The phagocyte suspension 
obtained from each rabbit within the group was divided into 
two aliquots and placed in the serum from an immune and am 
immune-irradiated rabbit. By utilizing this paired technic 
it was demonstrated that the digestion of chicken red blood 
cells was unaltered when the tests were carried out in serum 
from either aft immunized or an immunized-irradiated rabbit 
(compare figures in column 3 and column ~, Table 9). Compar-
ison of the data recorded in Table 9 reveals that the meam 
per cent digestion has the same distribution pattern as 
68 
TABLE 9 
EFFECT OF X-IRRADIATION AND/OR IMMUNIZATION,ON IN VITRO 
DIGESTION OF CHICKEN ERYTHROCYTES BY RABBIT PHAGOCYTES 
PLACED IN SERUM FROM EITHER AN IMMUNIZED OR IMMUNIZED_ 
IRRADIATED RABBIT 
Number Phagocytes from: Serum from immun- Serum from immuR-
of ized rabbit ized 600 r'rabbit 
Rabbits Percent digested Percent digested 
crbc crbc 
Mea.n ! S.E. Mean! S.E. 
5 COrltrol 55 ! 7 .. 3 62 ! 3 .. 7 
5 ImmuRized 68 ! 6~2 66 ! 4.9 
5 Immunized+600 r 36 ! 4.1 37 ! 5.8 
5 600 r 47 ! 5.0 47 ! B.B 
~ 
Underlined mean ra1ues are statistically different 
from ftc om trol"" v,alue s • 
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observed in the in'!1!2 tests with mice. With the exception 
of the results from the immunized-irradiated group, none of 
the means are statistically different from the control group. 
This lack of statistical significance could be accounted for 
in view of the large standard errors for the means. 
Other experiments were designed in an effort to minimize 
these standard errors. The number of rabbits per group was 
increased and the variable encountered by the use of indivi-
dual sera was eliminated by pooling the sera from immuDized 
rabbits. Table 10 summarizes the result of these experimeDts. 
As in the in !1!2 experiments it was found that (I) immuD- . 
ization significantly enhanced the rate of digestion of 
chicken erythrocytes by the phagocytes; (2) x-irradiation 
alone suppressed digestion by phagocytes and, (3) immun-
ization-induced increase in digestion was completely des-
troyed by x-irradiation (600 r) which was delivered 7 days 
following the last immunizing injection. 
In order to determine whether the observed increase im 
digestion which follows immunization is dependent on antibody, 
the hemolysin titers of these and other rabbits receiving 
similar treatment were measured. Rabbits were bled by cardiac 
puncture prior to the collection of peritoneal exudates for 
digestion tests. Hemolysins determinations were carried out 
as described in the previous experiment. The results are 
recorded in Table 11. It was noted that as in the case of 










EFFECT OF X-IRRADIATION AND/OR IMMUNIZATION ON 
DIGESTION OF CHICKEN ERYTHROCYTES BY 
RABBIT PHAGOCYTES lli VITRO 
Treatment Percent digested Compared 
erbc to 
Mean! S.E. 
Comtrol 60 .. 1.3 
Immunized 76 ! 2.5 Control 
600 r 43 ! 2.6 Control 
















ANTI-CHICKEN RED BLOOD CELL 
HEMOLYSIN TITRES OF RABBITS 
Treatment Rabbits with antibody titres of: 
<1:10 1:10 1:20 1:40 1:S0 1:160 1:320 1:640 
Control 19 1 
Immunized 4 3 S 4 
Immunized + 2 5 3 3 3 
600 r 
600 r 17 1 
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and irradiated non-immunized rabbits had titers less than 
1:10 with the exceptio~ of one from each of the non-immun-
ized and control group which showed a titer of 1:10. The 
sera of the immunized and immunized-irradiated rabbits 
(600 r) showed a titer of 1:$0 or above except for 2 of the 
immunized-irradiated (600 r) rabbits which had titers of 
1:40. 
From the observations that hemolysin titers in the 
immunized non-irradiated and immunized-irradiated rabbits 
were no different and that immunized-irradiated animals 
did not digest chicken erythrocytes any more efficiently 
than phagocytes obtained from non-immunized x-irradiated 
animals, it is apparent that the immunization-induced 
increase in digestion (cytopeptic actiVity) is independent 
of antibody action. 
IV. The Role of Leucocytes in Resistance 
to Induced Infections 
In previous experiments it was found that active immun-
ization with chicken erythrocytes enhanced the capacity of 
the phagocytes to digest chicken red blood cells, and that 
this increased intracellular digestive activity is indepen-
dent of antibody. As early as 1900 Denys and Kaisin (1893) 
reported that the pleural exudates of rabbits obtained by 
injection of dead staphylococci and freed of cells by 
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~entrirugation was bactericidal for living organisms of the 
same species. Hiss and Zinsser (1908) obtained protective 
results when extracts of rabbit leucocytes were administered 
to experimental animals infected with a variety of patho-
gens. In view of these findings and in an effort to gain 
more insight into the role of cellular factors in resistance 
to infection investigations were carried out with leucocytes. 
Experiments were performed to determine if leucocytes 
obtained from mice immunized with K. pneumoniae might afford 
protection to normal animals following challenge with this 
organism. 
A. Resistance of normal ~ injected !!.ill leucocytes 
f£2m immunized ~ 12 intraperitoneal challenge with 
K. pmeumoniae. Forty adult mice were immunized with 
K. pneumoniae vaccine. The immunization procedure consisted 
of giving 8, 0.1 ml intraperitoneal injections of K. pneumoniae 
vaccine at 2 day intervals. Vaccines used for immunization 
were prepared by harvesting 16 to 18 hour tryptose phosphate 
broth cultures of K. pneumoniae by centrifugation, washing 
and resuspending in saline. 
final concentration of 0.5%. 
Formalin was then added in a 
Four weeks after the last 
injection of vaccine each animal was given a 0.5 ml intra-
peritoneal injection of glycogen saline solution (0.1 mg/ml). 
Three days later, when the majority of the cells in the 
exudates were macrophages the mice were sacrificed and the 
peritoneal cavities opened. Exudates were then collected 
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aseptically by washing the peritoneal cavity with phosphate 
buffered saline (pH 7.2) and resuspended to give a 5% 
suspension. Using similar procedures leucocytes were also 
collected from normal animals. 
A group of 40 mice was divided at random into two equal 
groups. Animals in one group each received 0.5 ml intra-
peritoneally of a phagocyte suspension obtained from immunized 
animals. The mice in the remaining group each received a 
similar dose of leucocytes collected from normal animals. 
Eight hours after the injection of the phagocyte suspensioB 
both groups were challenged intraperitoneally with 0.2 ml 
of a 10-4 dilution of an 18 hour broth culture of K. pReu 
moniae. The mortality results of the experiment are graph-
ically shown in Figure 5. It was found that the mean 
survival time for normal mice was 1.1 days and for mice 
which received the intraperitoneal injection of immunized 
leucocytes l.g days. No statistical differences exist in 
the mortality between the two groups. 
v. Effect of Pyrogens on 
Cytopeptic Activity of Macrophages 
Since Metchnikofrts formulation of the phagocytic 
theory, there has been little effort to search for agents, 
other than antibody, to enhance phagocytic activity. Within 
recent years, however, there has been some research in this 
field. Investigations have been reported in the literature 
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Figure 6. Resistance of Dormal mice 1ajectedwith leuc6cytes 
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concerning the ability of certain agents such as surface 
R active substances, ascorbic acid, Piromen " cortisone, and 
histamine to either decrease or increase the activities of 
phagocyte (Nungester and Ames, 194$; Marcus, Esplin and 
Hill, 1953; Oyi, Donaldson and Marcus, 1955; Kato and Gozsy, 
1956). These findings suggest the possibility that the 
cellular defense mechanism can be stimulated, independent 
of humoral ~actors. In the studies mentioned, the ingestive 
function only was studied. No effort was made to study the 
effect of the age.ts employed on digestive function. In 
view of this, studies of the effect of a pyrogenic agent 
(PiromenR) on cytopeptic activity of the macrophages were 
carried out. 
A. Effect of PiromenR 2! intracellular digestion 2t 
chicken erythrocytes ~ mouse phagocytes. In previous 
studies (Gyi, Donaldson and Marcus, 1955) it was found that 
Firomen in doses of either.O.l or 1 ug given subcutaneously, 
twice daily for 7 days enhanced the capacity of peritoneal 
phagocytes to digest chicken erythrocytes. However, similar 
treatment with lower doses (.01 ug) or higher (2 ug) failed 
to alter the digestive function. 
In order to determine the minimum dose of Piromen and 
days of treatment required for increasing intracellular 
digestion by phagocytes this experiment was performed varying 
the days of treatment. Randomly selected mice were divided 
into groups as shown in Table 12. The first six groups 
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TABLE 12 
EFFECT OF VARYING TREATMENT OF PIROMEN ON INTRACELLULAR 
DIGESTION OF CHICKEN ERYTHROCYTES BY MOUSE PHAGOCYTES 
Dose per Duration of No. Percent digested P 
Injection Treatmemt of crbc" value (twice daily) (days) Mice (Mean! S.E.) 
1 ug 3 11 60~2 ! 2~1 <O~Ol 
1 ug 5 15 64.9 + 1.6 < 0,001 
1 ug 7 12 68.8 .. 1.7 < 0.001 
0.1 ug 3 12 55.7 ! 2.8 >O~l 
0.1 ug 5 13 56~9 ! 2~4 < O~O2 
0.1 ug 7 15 61.7 ! 2.3 < 0.001 
Control (Saline) 30 51.2 ! 1.7 
-
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received Pirom~n injections subcutaneously in doses of 1 
and .1 ug, twice daily for 3, 5, or 7 days respectively. 
The remaining group served as a saline treated control. 
Intracellular digestive activity determinations were carried 
out as previously described. Statistical analyses indicated 
that Piromen in a dose of 1 ug per injection given twice 
daily for either 3, 5, or 7 days significantly increased 
the intracellular digestive activity. However, treatment 
with similar doses for 3 days did not increase digestion 
significantly, but a slight trend towards increase in 
digestion over the control was noted. It is of interest 
to note the relation between the degree of digestion and 
the dose and days of treatment. Increasing the dose of 
Piromen and prolonging treatment brought about a greater 
increase in the per cent of digestion by phagocytes. 
DISCUSSION 
In the experiments reported in this thesis it was 
demonstrated that exposure of mice to x-irradiation in 
doses of either 300, 400 or 500 r did not affect the 
phagocytosis, by reticulo-endothelial cells of spleen, of 
intravenously injected Th02 when determined 2 days following 
x-irradiation. Similar studies carried out on the seventh 
postirradiation day revealed: (1) that 300 r of whole body 
x-irradiation had no influence on the 2, 6, and 24 hour 
splenic uptake values; (2) that 400 r of whole body x-irra-
diation caused a transient depression of splenic uptake of 
Th02 at 2 hours, but that the 6 and 24 hour values were not 
different from the controls; and (3) that 500 r of whole 
body x-irradiation significantly depressed the uptake by 
the spleen of Th02 at 2, 6, and 24 hours after injection 
when compared to the controls. These findings are similar 
to those reported by Taplin et al., (1954) who studied the 
distribution of intravenously injected colloidal prodigiosin 
in the organs of rabbits. These investigators found that 
phagocytic function was depressed temporarily at 7 to 10 
days after exposure to x-irradiation doses of 800 r or 
higher, whereas lower doses (300 r) yielded relatively 
insignificant changes in phagocytic function. Di Luzio 
(1955) noted depression in the uptake by rat liver of intra-
venously injected colloidal gold following x-irradiation in 
79 
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a dose of 1,040 r (LD100 ) tested 4 days after x-irradiation. 
A similar observatiom has been reported by Wilkinson (1954), 
regarding the effect of x-irradiation (550 r) on the phago-
cytic activity of the neutrophils obtained from rats. He 
found that for the first few days following x-irradiation 
the percentage of phagocytic neutrophils was higher in the 
blood of x-irradiated animals then in normal animals. 
However, from the seventh to thirteenth postirradiation 
day, the ability of the leucocytes from x-irradiated animals 
to phagocytize was observed to be significantly depressed. 
In contrast to these results, Barrow II al., (1951) 
were unable to demonstrate any differences in the 50% 
disappearance rates of intravenously injected radioactive 
gold solution in rabbits exposed to 800 r or higher doses 
of x-irradiation when determined at different time intervals 
after x-irradiation for 30 days. On the other hand, Wish 
.~t al., (1952) noted that intravenously injected radioactive 
isotope (1-131) labeled plasma, erythrocytes, and colloidal 
gold were removed from the circulation more rapidly in the 
rabbits exposed to an LD50 of x-rays than in the normal 
animals. These results were obtained in the ani~als during 
the first postirradiation week. 
A few investigators have reported no demonstrable 
deleterious effect of x-irradiation on phagocytic function. 
Fitch et al., (1953) injected I-13l labeled typhoid vaccine 
intravenously into rats 24 hours after exposure to x-irra-
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diation (500 r). Radioactivity of organs studied at inter~ 
vals up to 6 days after injection showed no differences 
between normal and x-irradiated rats. Esplin et al., (1953) 
--
observed no alteration in the splenic uptake of Th02 
following different doses of x-irradiation in mice (100 to 
600 r) tested 3 days after x-ray. These fi.diags are similar 
to the preseat observatioBs reported ia which x-irradiatio. 
in. doses as h.igh as 500 r failed to have allY injurious 
effect on phagocyti~ fu.ctioR whea aaimals were tested 2 
days after exposure. 
From the data presented ia this ~he~~s~ it appears 
that the localizatioa ,of"i.~rav:eJl~usly illjec~ed ~h02 ill 
x-irradiated mice is a tU.ctiOR Qf both the x-irradiation 
." ., .e " ~ ~. 
dose aRd the postirradiatioa period of observatioa. It 
,., ... ... 
is apparent therefore that the cont~~dictio.s i. the liter-
ature c~nce:ni.g the effects of "x-irradiation OR phagocytic 
activity may be due to the differences i. the x-irradiatioa 
doses employed, the species of aRimals used and tne post-
irradiation day that the phagocytic activity was measure~. 
Furthermore it is of interest to aote that eveR among 
different straias of mice it was foulld that differences i. 
susceptibility to x-irradiatiom exist with regard to phago~ 
cytosis by the reticula-endothelial cells. A dose of 550 r 
(LD50 ), signififcaRtly depressed the pha~ocy~ic fuftctioll of 
reticulo-endothelial cells of the splee~ ill LAflmice, where~s 
a comparatively high dose, 500 r (LD
99
), was required'; to 
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suppress the phagocytic function ia the adult albino mice 
utilized in the preseBt investigatioBs. It is signifiqaat, 
in this comaection, that Jacobson and his associates (1954) 
also noted differences in sensitivity to x-irradiation 
withill the same species. 
In comparison with other host defense mecha.isms such 
, -
as antibody formatioR, phagocyte digest"ion, the properdin 
system, bactericidal actio. of serum and leucocytic compo.eats, 
the phagocytic fURction of reticulo-eRdothelial cells seems 
to be comparatively resistant to ~-irradiatioR in the raage 
of minimal to sublethal exposures. The lack of experimental 
support for aay deleterious effect of x-irradiation in the 
sublethal range on phagocytic activity of reticulo-eltd.othelial 
cells ~uggests ~he importaRce of other host deteBses, such 
as phagocyte digestion, bactericidal action of leucocytic 
extracts, the properd:!l. system and the capacity for antibody 
, . ~ , "" .~ .;.. "' .. 
formation following such x-irradiation exposures. It is of 
~ " -,<, ~ 
interest, however, tORO~e. that depression of phagocytic 
activity following exposure to lethal doses of x~irradiatio. 
occurs during the postirradiation periods when development 
of bacteremia and susceptibility to infection are known to 
be at a maximum. 
In another experiment (p. 59) it was reported that the 
intracellular digestion of chicken erythrocytes by peritoneal 
phagocyte obtained from x-irradiated rabbits was impaired 
following exposure to x-irradiation. These findings are ift 
agreement with the previous observatioBS in mice concerning 
depression, of int~~cellul~r digestion followiag x-irradiation 
(Dona1dson~ at ~., 1955). The observations that 1rr~d1atioR 
injury resulted i. decreased phagocyte digestive capacity 
and that this suppression of int~ace11ular d~gestion occurred 
at times when the x-irradiated aRimal was more susceptible 
. , 
to infection, suggested the ~mportanceof.this defense 
mechanism in the resistance of the irradiated host to i_fec-
ticR following exposure to x-irradiation in the sublethal 
range. It is difficult to evaluate the relative significaJlce 
of the phagocytic activities in irradiation injury since 
x-irradiation exerts detrimental effects on other host 
defenses such as antibody production, phagocyte migration, 
.. , ,~~. .., ""-
bactericidal action of serum. and leukoc.rti?_ .. ~~tra?~s, pro-
perdin system and mechanical fascial barri~~s. Such x-irra-
, 
diation induced alterations in host defenses may be the 
, ~" 
consequence of ~he action o~ i~n~z~~~ irradi~tion On similar 
or identical physiological mechanisms, but due to lack of 
adequate informatioa it is difficult to evaluate the relative 
importance of aay specific postirradiation alteration on 
the enhanced susceptibility of the irradiated mammalian host 
to infection. 
In assessing effects of repeated exposures to low doses 
of x-irradiation, certain factors such as degree of injury, 
regeneration of injured cell, if reparable, and replacement 
by a new normal cell, should be taken into consideration. 
One would expect the dependency of resultant injury to rest 
on the balance between the magnitude of injury and the rate 
of repair. From observations of shortening of life span 
following long-term exposur~ ?f., mice ~o x-rars, Blair (1952) 
concluded that "an a.ima1 subje~'~ed to, am. acute lethal dose 
dies principally of repar~b1e in~tlry, wh,i1e, that s':lbj~cted 
to prolonged chro~~c ,do.sage s,~f~er~, ... life,,~~~:t~ning due 
priRcipa1~y' to accumulated irr~pa~a~le_;~~uryl1 •. Blair 
further suggested that recovery from injury im.duoed by 
chronic exposure is not complete and that each successive 
insult leaves an additional' residuum of permanently irre-
parable tissue, the accumulation of which leads to decreased 
efficiency of the organism as observed by shortening of life 
span, genetic effects, and increased incidence of neoplastic 
diseases. This hypothesis formulated by Blair can be extra-
polated to the effect of mUltiple exposures on host defense 
mechanisms. In the preSeftt investigation mice exposed to 
x-irradiation in single doses of 25 r at intervals of 2 ~ays, 
until accumulated doses reached as high as 600 to 825 r, 
failed to show alterations in the phagocytic activity of 
reticu1o-endothe1ia1 cells. In addition to the resistance 
of the phagocytic system of reticu10-endothe1ia1 cells to 
such exposures, it was also found that intracellular 
digestion of chicken erythrocytes by peritoneal phagocytes 
obtained from such animals was also unaffected when studied 
7 days following the last x-irradiation exposure. A related 
observation was reported by Lorenz and Heston (1954) who 
were unable to detect any changes in the hematopoietic 
system of mice exposed to gamma-radiation in a dose of 4.4 r 
per day up to total doses of approximately 2,000 re It 
seems apparent therefore that as long as there exists 
equilibrium between the amount of injured tissue and the 
amount of functional tissue, no detectable impairment of a 
particular function can be observed. Once the amount of 
damage exceeds the rate of biologic repair, certain impairment 
of function will become detectable. Assuming this hypothesis, 
it may be deduced that the resultant injury following success-
ive exposures to ionizing radiation will be a function of 
the intensity of radiation dose, the interval between the 
previous and the following dose, and the duration of such 
treatment. 
It was demonstrated tn the present investigation, 
employing both in I1!2 and 1a vitro technics, that active 
immunization with chicken erythrocytes enhances the intra-
cel~ular digestion of such blood cells by the peritoneal 
phago~ytes obtained from mice and rabbits. From the assump-
tion that the intracellular digestion by phagocytes is 
mediated by the enzymes of the phagocytes, it is speculated 
that this immunization-induced increase in digestion is the 
result of either adaptive changes .or increas~d concentration 
or activity of the enzymes of the phagocytese The problem 
is unanswered concerning the nature of iRjury sustained by 
the phagocytes following whole body x-irradiationo Since 
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intracellular digestion by phagocytes is depressed by 6 days 
following x-irradiation but not on the second postirradiatioJll 
" . 
day (Donaldson and Marcus, 1956), and since the enhanced 
effect of immunization is completely reversed by x-irra-
diation within this same time interval, it appears that 
the action of x-irradiation OB digestive function is not a 
direct one, but might be a result of injury to mechanisms 
invo1ved'1n intracellular enzyme synthesis. 
It was observed that the phagocytes from immunized-
irradiated animals did not digest chicken erythrocytes any 
more efficiently than did phagocytes from non-immunized 
x-irradiated mice. Despite this, the hemolysin concen-
trations in the immunized-irradiated animals was significantly 
elevated. It was further observed that there existed no 
difference in digestive capacity when the phagocyte suspension 
from individual rabbits was divided into two portions and 
placed in the serum of either an x-irradiated immunized 
rabbit or a non-irradiated immunized rabbit. From these 
observations it is deduced that the observed immunization-
induced alteration in digestive activity is i!ldepende~t of 
antibody action and is a .resu1t of changes in the phagocytic 
ce11se Observations similar to those presented in this 
investigation, that immunization results in the enhanced 
ability of the phagocytes to destroy or inhibit multiplica-
tion of viable organisms and that this is not dependent on 
humoral factors, have been reported previously. Lurie (1942) 
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injected suspensions prepared from lymph nodes containing 
macrophage engulfed tub~rc1e bacilli into the anterior 
chambers of rabbit eyes. He found that the phagocytes 
from immunized anima.ls inhibited the multiplication. of the 
organisms in this avascular area. The importance of the 
cellular elements in combatting this infectious agent 
fol1owimg immunization was decisively stressed by Suter 
(1953) who utilized in vitro technics and demonstrated that 
the multiplication of tuberole bacilli was i:nhibited in 
monocytes from rabbits or guinea pigs vaccinated with BGG. 
Both preceding investigators observed that the presence of 
serum from immunized animals did mot influence the multi-
plication of tubercle bacilli in the phagocytes. These 
observations with tubercle bacilli were later supported by 
experiments of Raffel (1955) who found inhibition of multi-
plication of tubercle baci~liin macrophages obtained from 
BGG vaccinated guinea pigs. A similar inhibitory effect 
of macrophages obtained from aaima1simmunized against 
Brucella abortus ~as also been reported (Poma1es-Lebron and 
Stinebring,1957). From these. reported observations and 
those presented in this investigation with chicken erythro--
cytes, it is apparent that evidence is accumulating to 
suggest strongly that immunization induces significant 
changes in the phagocytic cells. Dixon (1954) studied the 
metabolism of I-131 isotope labeled BSA in normal aJld 
immunized animals and reported that the latter catabolized 
$8 
the subsequent injection of antigen faster than the former. 
Further investigation into the nature of this rapid cata-
boli,sm of antigen by immunized animals' revealed that it 
occurred at the same rate in actively and passively immunized 
animals with comparable levels of circulating antibody. 
In view of these findings this investigator concluded that 
circulating antibody was all that was necessary for rapid 
antigen catabolism and that there is no evidence to support 
the fact that cellular changes which would increase the rate 
of antigen catabolism occurred·as part of the immune response. 
It is of interest to note in this connection that Talmage 
~ al., (1951) reported that there is no difference in the 
metabolism of bovine gamma globulin in the normal and 
x-irradiated rabbit. These oonclusions are in contrast 
to those presented in this investigation in which intra-
cellular digestion by phagocytes of chicken erythrocytes is 
inhibited following x-irradiation. It could be that diges-
tion by phagocytes of different antigens (soluble and parti-
l 
culate) involve different mechanisms. In relation to this 
fact it should be recalled that analogous situation exists 
in the animals treated with cortisone. Hanan and Overman 
(1953) reported that cortisone treated rabbits suppressed 
the formation of antibody to povine serum albumin (soluble) 
but had little or no effect on the production of hemolysin 
to sheep cells (particulate). 
89 
Assuming the existence of this property, the mechanisms 
whereby active immunization results in increased digestive 
capacity by phagocytes is open to speculation. It is 
however plausible to assume that this enhancement of cyto-
peptic activity of phagocytes followimg immunization is 
due to the formation of adaptive enzymes similar in nature 
to those observed in bacteria or yeast cells. Further studies 
concerning the specificity as well as the role of inducing 
substrate are necessary. 
In order to gain insight into the mechanisms involved 
in the x-irradiation induced depression of phagocyte diges-
tion, certain agents have been examined for their effect on 
phagocyte digestion. It was found that treatment with 
histamine in certain doses caused a significant depression 
i~ intracellular digestion by peritoneal phagocytes of 
. " 
chicken erythrocytes (Gyi, Donaldson and Marcus, 1955). 
Since it has been reported that histamine is released 
following irradiation injury (Ellinger, 1946; Weber and 
Steggerda, 1949) the possibility exists that histamine may 
be of importance in the observed x-irradiation induced 
suppression of cytopeptic function. 
In the experiment perfor.med to determine the resistaftce 
of normal mice injected intraperitoneally with phagocytes 
from mice immunized with K. pneumoniae vaccine to an intra-
peritoneal challenge with homologous organisms it was found 
that no significant differences existed in the overall 
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mortalities between the mice that received "immuftized" 
leucocytes and those receiving "normal" leucocyteso There 
was however, an indication that leucocytes from mice immun-
ized with KD pneumo.iae vaccine slightly prolonged the 
survival time in the normal mice challenged with this 
organismo The failure to obtain significant results in 
the present experiment may have been due to the high challenge 
dose of organisms employed 0 Another factor which must be 
considered here is the time of collection of leucocytes 
after the last immunizing injectiono In the experiment 
performed, these cells were collected one month after the 
last immunizing injection. If ;the hypothesis that increase. 
in intracellular digestive capacity by phagocytes following 
immunization is a result of adaptive enzyme formation, the 
enhanced activity may be transient in nature and might have 
decreased to a significant extent during this period of 
time. In view of these facts further experiments are necessary 
using suitable challeDge doses and employing leucocytes 
obtained from animals more recently immunizedo The various 
aspects of dose and response remain therefore to be more 
thoroughly investigatedo 
It is of interest to note that Piromen in certain doses 
possesses opposite physiological effects to x-irradiationo 
Firomen causes leucocytosis (Windle et alo, 1950), x-irra-
diation causes depression of leucocytic response (Cronkite 
and Bond, 1956)0 Piromen induces hematopoiesis and splenic 
91 
hyperplasia (Berger at alo, 1956); x-irradiation causes 
aplasia of hematopietic organs and splenic parenchymatous 
destruction (Cronkite and Bond, 1956)0 In addition to these 
phenomena, from the present experiments it appears that 
Piromen in doses that increase intracellular digestion and 
x-irradiation in doses that decrease intracellular digestion 
have opposite effects on leucocytosis. Furthermore, it is 
of interest to note that x-irradiation decreased properdin 
levels (Pillemer ~ ~o, 1954) and that certain lipopoly-
saccharides obtained from various gram negative organisms, 
in~luding the lipopolysaccharide obtained from Pseudomonas 
aeuroginosa causes increase in properdin levels (Landy, 1956). 
The significance of these observations is open to speculation 
at the present time. 
In view of the opposite effects of Piromen and x-irra-
diation, a few investigators have tested to see if Piromen 
affords protection against radiation injurye Donaldson (1954) 
failed to obtain any significant decrease in mortality in 
mice treated with Piromen in doses of 2e5, 5 and 10 uge 
Mefferd, ~ a1o, (1953) reported that intraperitoneal injec-
tion of 0.1 ug of Piromen per day per mouse for a 5 day 
period prior to x-irradiation resulted in a significant 
increase in the mean survival time of 550 r x-irradiated 
miceo If administered after x-irradiation Piromen failed 
to alter survival time. Oral administration of large doses 
of Piromen resulted in fewer survivals than in the untreated 
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control mice. It seems apparent that the dose of Piromen 
employed is important. Further work is necessary to deter-
mine whether Piromen in doses that enhance~phagocyte ·iBtra-r 
cellular digestion will afford protection against endogeaous 
infections such as those observed in x-irradiation injury. 
SUMMARY 
Ie Total body x-irradiation of mice in doses of either 300, 
400 or 500 r does not affect the phagocytosis by reticulo-
endothelial cells of spleen of intravenously i~jected Th02 
when determined 2 days following x-irradiation. Similar 
studies carried out on the seventh postirradiation day 
revealed(l+ that 300 r of whole body x-irradiation had no 
influence on the 2, 6 and 24 hour splenic uptake values; 
(2t that 400 r of whole body x-irradiation caused a transient 
depression of splenic uptake of Th02 at 2 hours but 6 and 
24 hour values were not different from the controls and 
By) that 500 r of whole body x-irradiation significantly 
depressed the uptake by the spleen of Th02 at 2, 6 and 24 
hours after injection when compared to the controls. These 
observations indicated that the effect of x-irradiation on 
phagocytosis by reticulo-endothelial cells is a function 
of x-irradiation dose and the postirradiation period of 
observation that phagocyte function was measured. 
2. A dose of 550 r (LD50 ' significantly depressed the phago-
cytosis of Th02 by reticulo-endothelial cells of spleen in 
adult LAfl mice whereas a comparatively high dose, 500 r 
(LD99 ) is required to suppress the phagocytic function in 
adult albino mice. 
30 Chronic exposure Of mice to x-irradiation in doses of 25 r 
at intervals of 2 days, until accumulated doses reached as 
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high as 600 to 825 r, failed to yield alterations in the 
phagocytic activity of reticulo-endothelial cells or the 
cytopeptic activity of peritoneal phagocytes. It is 
possible that the resultant injury following successive 
exposures to ionizing radiation is a function of the inten-
sity of the radiation dose, the: interval between the previous 
and the following dose, and the duration of such treatment. 
l~_ X-irradiation in doses of 350 or 450 r in mice significantly 
depressed the intracellular digestion of chicken erythrocytes 
by peritoneal phagocytes when studied on the sixth post-
irradiation day_ Similar observations were obtained when 
rabbits were exposed to 600 r of x-irradiation and cyto-
peptic activity was determined on the seventh postirradia-
tion day_ 
S. Immunization with chicken erythrocytes caused an increase 
in the digestion of these cells by the: phagocytes of mice 
and rabbits. This immunization induced increase in digestion 
was completely reversed by x-irradiation although x-irra-
diation did not appreciably alter the hemolysin titers of 
the immunized animals. 
60 In vitro experiments concerning phagocyte digestive activity 
carried out in the presence of serum from immunized and 
immunized-irradiated rabbits showed no difference in diges-
tive activit Yo Furthermore the finding that the phagocytes 
from immunized-irradiated animals did not digest chicken 
erythrocytes any more efficiently than phagocytes from non-
immunized x-irradiated mice even though the hemolysin titers 
were comparable in the immunized and immunized-irradiated 
animals suggests that the salutary effect of immunizatioR 
and the detrimental effeot of x-irradiation on phagocyte 
digestion were due to alterations in the phagocytes them-
selves and not dependent on a:ntibody which appeared following 
immunization. 
70 Piromen, a polysaccharide extracted from Pseudomonas 
aeuroginosa, in doses of 1 ug per injection given subcutan-
eously in mice twice daily for 3, 5 or 7 days, significantly 
increased the cytopeptic activity of peritoneal phagocytes 
in mice. Similar treatment employing a dose of 0.1 ug also 
increased the cytopeptio activity 'when animals were treated 
for 5 or 7 days but no increase in intracellular digestion 
was noted when treatment was carried out for only 3 days. 
8. Studies made of the resistance of normal mice injected 
intraperitoneally with phagocytes from mice immunized with 
K. pneumoniae vaccine to an intraperitoneal challenge with 
the homologous organism indicated that, although there is 
no significant difference in their overall mortalities, -, 
mice treated with leucocytes from immunized mice had a mean 
survival time slightly longer than the normal mice. 
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1 
Total body x-irradiation of mice in doses of either 
300, 400 or 500 r does not affect the phagocytosis by reticulo-
endothelial cells of Th02 on the second postirradiation day. 
Similar studies carried out Oft the seventh postirradiation 
day revealed that 300 r or ~OO r of whole body x-irradiation 
also had no influence on the phagocytosis whereas a dose of 
500 r significantly depressed the phagocytic activity of the 
reticulo-endothelial cells. A dose of 550 r (L050) signifi-
cantly depressed the phagocytosis of Th02 in LAfl mice where-
as a comparatively high dose, 500 r (LD99) is required to 
suppress the phagocytic function in adult albino mice. These 
observations indicated that the effect of x-irradiation on 
phagocytosis by reticulo-endothelial cells is dependent on the 
x-irradiation dose, the postirradiation period of observation 
that phagocyte function was measured and the strain or species 
of animals employed. 
Chronic exposure of mice to x-irradiation in doses of 
25 r at intervals of 2 days, until accumulated doses reached 
as high as 600 to 825 r, failed to yield alterations in the 
phagocytic activity of reticulo-endothelial cells or the 
cytopeptic activity of the peritoneal phagocytes. 
Whole body x-irradiation of mice (350 to 450 r) and 
rabbits (600 r) significantly depressed the intracellular 
digestion of chicken erythrocytes by peritoneal phagocytes 
on the sixth postirradiation day_ 
2 
Immunization with chicken erythrocytes caused an increase 
in the digestive activity of phagocytes which was found to be 
independent of antibody action. The hypothesis was offered 
that this immunization induced alterations in phagocytes is 
a result of adaptive enzymes formation. 
Firomen in doses of 1 ug per injection given subcutaneously 
in mice twice daily tor 3, 5 or 7 days; or doses of 0.1 ug 
given for 5 or 7 days significantly i.creased the cytopeptic 
activity. 
No significa.t differences in overall mortalities existed 
between mice treated with 1eucocytes from immunized mice and 
".. '. ~ , , ,-' 
those treated with leucocytes from Rormal mice when challenged 
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Research ~roposals 
These proposals are put in the form of working hypotheses. 
1. The active immunization~induced increase in digestive 
capacity of phagocytes is a result of adaptive enzyme form-
ation. 
2. Experimental animals may be protected ag~inst infections 
(induced endogenously or exogenously) following irradiation 
by the use of preirradiation immunization followed by 
postirradiation transfusion of leucocytes obtained from 
animals immunized against the challenge organism or 
animals immunized against the organisms that cause bact-
eremia in the irradiated animal. 
3. The effects of x-irradiation on the cytopeptic activity Of 
the peritoneal phagocytes is similar to the effects of such 
ionizing radiation on fixed reticulo-endothelial cells 
in. viyo and in vitro. 
4. The x-irradiation induced depression of intracellular 
digestion is a result of the action of histamine or 
histamine-like substances that is released by disintegration 
of mast cells following irradiatioB injury. 
5. The temporal correlation of phagocytic and cytopeptic 
activity and antibody concentration following the injection 
of particulate and soluble antigen. 
6. Corticosteroid hormone-induced decrease in phagocytic 
activity is a result or the anti-inflammatory affect of 
hormone; one aspect of this actio!). is a decreased number 
of leuoocytes migrating into the involved areas. 
7. Coagulase positive strains of staphylococci are more 
readily destroyed following phagocytosis by leucocytes 
from animals immunized against such coagulase. 
8. Certain therapeutic substances which increase phagocytic 
or cytopeptic action afford protection against endo-
genous infections that develop following radiation injury 
or following treatment with hi~h doses of corticosteroid 
hormone. 
9. Inoreased susceptibility to infection during nutritional 
deficiencies (avitaminosis, protein deficiency) is a 
result of either or both decreased phagocytic and 
cytopeptic capacity of the leucocytes. This decreased 
capacity is temporally related to increased susceptibility. 
10. The salutary effect of spleen shielding or of the 
administration of splenic extracts to irradiated aBimals 
is a function of the ability of such procedures to 
protect or restore the cytopeptic activity of the 
leucocytes. 
